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LAIMS to priority in scientific discovery have long played an 

important role in the history of biologic knowledge. Controversy 
and polemics have often been their accompaniment, and in so far as 
they have stimulated further research they have often served a useful 
purpose. Cannon has recently stressed the value and harm of scien- 
tific controversy.’ It is generally admitted that virtually all new dis- 
coveries in the field of biology have developed step by step from pre- 
ceding knowledge, a mosaic integrated from countless sources. The 
evolution of new concepts is the inevitable consummation of ideas 
previously and widely held by scientific men of many lands, rather 
than the result of the brilliance of any single investigator. This has 
been traced by Stern,” particularly in medicine. 

In the seventeenth century, Stern found that within a period of two 
years four different observers from four different countries independ- 
ently described the intestinal lymphatics and their connection with 
the thoracic duct. In the field of the circulation, angina pectoris was 
described practically simultaneously by Rougnon in France and 
Heberden in London in 1768, while in 1889 both Bouveret in France 
and Hoffmann in Germany described paroxysmal tachycardia.f 


*From the Department of Medicine, with the assistance of the staff of the Oriental 
Institute, University of Chicago. 
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+B. Ebbell, in his recent translation of the Papyrus Ebers (Oxford University 
Press, London, 1937), believed that the ancient Egyptian physicians “as good observers 
————. had _ perceived that certain symptoms often occur together, and on this basis 
they were able to establish various syndromes as pathological unities, for instance 
angina pectoris (371-17)" (page 18). “Ift thou examinest a man for illness in his 
cardia, and he has pains in his arm, in his breast (mamma) and in one side of his 
cardia, and it is said of him: it is w3d— illness, then thou shalt say thereof = it is 
(due to) something entering into the mouth, it is death that threatens him,” 


tHere the reference is presumably to angina pectoris (page 48), 
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Scientific dispute loses much of its intensity when viewed over the 
long range of the rise of civilized man, particularly as new discoveries, 
archeological, anthropological, and paleographic, frequently antedate, 
perhaps invalidate, previously held views. 

Such experiences make for caution and conservatism in the evalu- 
ation of priority of discovery in the broad sweep of history and 
science. The phrase so aptly coined by the distinguished orientalist, 
James Henry Breasted, ‘‘The New Past,’”* takes on ever increasing 
significance as new and undiscovered material, reaching back to the 
early dawn of civilized man, is unfolded by continuing archeological 
study and research. Knowledge and understanding of our common 
historical heritage gained by intensive archeological field, laboratory, 
and library investigation will doubtless throw additional light on our 
present-day concepts, second only to progress and discovery of the 
unknown future. In other words, one may conceive of research into 
the broad fields of human understanding through efforts in two dia- 
metrically opposite directions: the one into the past (antiquity), 
rediscovering what our ancestors knew and taught as commonplace; 
the other into the future, advancing our frontiers of knowledge. 

The publication by Haddad and Khairallah, in 1936, of ‘‘A Forgot- 
ten Chapter in the History of the Circulation of the Blood,’” is perti- 
nent to this discussion. In their paper, the authors present conclusive 
evidence that the discovery of the pulmonary circulation, long at- 
tributed to the theologian-heretic Michael Servetus, in 1553, had been 
made some three centuries earlier by a prominent Arabian physician, 
Ibn Nafis, who in three separate manuscripts in the thirteenth century 
gave a classic description of the lesser circulation. The material on 
which this conelusion was based is contained in a manuscript in pos- 
session of the authors—‘Commentary on the Anatomy of the Canon 
of Avicenna’’—in which Ibn Nafis, a student of medicine at Damascus, 
dean of the Mansoury Hospital, Cairo, Egypt, clearly and repeatedly 
described the pulmonary circulation. 

Caution and care are therefore necessary in any inquiry into prior- 
ity in a given subject, for which reason this paper has been entitled 
‘‘The Earliest Known Reference to the Heart and Circulation’’ paral- 
leling Dr. Breasted’s reference to the Edwin Smith Surgical Papyrus 
as the ‘‘earliest known surgical treatise.’’ 

Writings and papers concerning the heart and cireulation in antiquity 
usually start with Hippocrates (460 B.C.), Aristotle (384 to 322 B.C.), 
and Galen (A.D. 129 to 200), although mention of knowledge and con- 
cepts of the heart and circulation are known to be contained in the 
Ebers Papyrus (2000 to 1500 B.C.). 
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The present communication contains material largely drawn from 
the ‘‘Edwin Smith Surgical Papyrus’’ (circa 3000 B.C.*). It makes 
no claim for originality. Rather, it is a compilation of material acces- 
sible to any and all students. Credit for discovering and publishing the 
material it contains belongs to Edwin Smith, his daughter, the New 
York Historical Society, Dr. Breasted, and the Oriental Institute. 

The history of Edwin Smith, the finding, acquisition, translation, and 
publication of his papyrus are of considerable interest to Egyptolo- 
gists, archeologists, and students of medical history and perhaps may 
best be given in Dr. Breasted’s own words: 

‘‘Karly in the history of the Oriental Institute, Dr. Caroline Ransom 
Williams, one of our own doctors, then engaged in the study and pub- 
lication of the Egyptian collection of the New York Historical Society, 
called the writer’s attention to the existence of a large and beautifully 
written papyrus in a stately ancient book format. ... This papyrus 
roll, purchased at Thebes in 1862 by Mr. Edwin Smith, had been given 
to the New York Historical Society by his daughter in 1906. On 
examination the papyrus proved to be a surgical treatise. After fur- 
ther study, it was found to be a document. of the highest importance 
in the history of science, being not only the earliest known surgical 
treatise, but at the same time the earliest document in the history of 
science. ’” 

‘*Edwin Smith, after whom the papyrus is named, was born in Con- 
necticut in 1822, the year that witnessed the first decipherment of 
Egyptian hieroglyphic by Champillon. Smith was one of the earliest 
students of Egyptian in any country. He studied hieroglyphic in 
London and Paris when the science was only a quarter of a century 
old, and was probably the first American to learn scientifically the 
little then known about the Egyptian language. It is of no little 
interest to Americans to know that its (the papyrus) discovery goes 
back to the earliest days of Oriental Science in the United States, and 
indeed to the first generation of Egyptology anywhere.’” 


DR. BREASTED’S COMMENTS ON THE PAPYRUS 


That Dr. Breasted was well aware of the significance and interest of 
the papyrus to surgeons, physicians, and physiologists is clearly shown 
in his dedication: ‘‘To the memory of William Harvey, discoverer of 
the circulation of the blood, at the three hundredth anniversary of his 
great discovery, this publication of the earliest known surgical treatise 
is dedicated.’’ Without going into a general description of the papyrus 


*The present copy of the papyrus dates from the seventeenth century B.C., al- 
though the author’s original manuscript was produced at least 2,000 years earlier 
and was written some time in the Pyramid Age (3000 to 2500 B. C.). It may have 
been written by the earliest known physician, Imhotep — the great architect physician 
who flourished in the thirtieth century B.C. 
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‘ 


(which may be consulted first hand by those interested), one may state 
briefly that it contains a systematic description of forty-eight cases of 
injury and disease, probably mostly of soldiers disabled in warfare, 
with notes of the examination, diagnosis, prognosis, and treatment indi- 
cated, in each case, by an ‘‘unknown ancient surgeon.’’ I have selected 
only that material from the papyrus which seemed to have a particu- 
lar and direct interest to the heart and circulation; it is comprised 
largely, if not entirely, of Dr. Breasted’s own commentaries. 

In the foreword (page XVI) Dr. Breasted, in discussing knowledge 
possessed by ‘‘our ancient surgeon,”’ writes as follows: 

‘He knew of a cardiae system and was surprisingly near recogni- 
tion of the circulation of the blood, for he was already aware that the 
heart was the center and the pumping force of a system of distribut- 
ing vessels. He was already conscious of the importance of the pulse 
and had probably already begun to count the pulse, a practice hereto- 
fore first found among the Greek physicians of the third century B.C. 
in Alexandria.’’ 

In some exceedingly interesting comments on the pulse and its re- 
lation to the heart beat and the circulation of the blood, we find the 
following (General introduction, page 13) : 

‘‘The importance of observing the action of the heart in determin- 
ing the condition of a patient appears here for the first time in medi- 
eal history. The passage containing these observations unfortunately 
falls in the only broken and fragmentary column in our document, 
resulting in some uncertainty over the foilowing important point. In 
spite of the imperfect condition of the text of this passage, there is 
much probability that the surgeon counts the strokes of the pulse, and 
it is doubtless a significant fact that the first physician who is known 
to have counted the pulse, Herophilus of Alexandria (born 300 B.C.), 
lived in Egypt. It will probably also not have been wholly an acci- 
dent that this was done in the land which produced the earliest known 
time-pieces, for Herophilus used an Egyptian water-clock for timing 
the count of the pulse. Herophilus is well known to have been an 
investigator of much independence, and he was one Greek physician 
who so nearly approached the discovery of the circulation of the 
blood, that there are historians of Medicine who believe that he 
actually achieved this discovery. Before his time, Greek Medicine had 
been long misled by the dogma that a force resident in the arteries 
eaused the pulse. Our treatise, however, already knows that the pulse 
is due to the force and action of the heart. Herophilus was the first 
Greek physician to recognize this fact. That he should have lived in 
Egypt, where the cardiac system disclosing the heart as the central 
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force had already been known for perhaps 2,500 years is hardly likely 
to have been a pure coincidence. It should be made quite clear, how- 
ever, that our treatise, while it shows knowledge that the action of the 
heart affects and supplies all extremities and all parts of the body with 
blood, does not indicate a recognition of the circulation of the blood.’’ 

Dr. Breasted comments on the surgeon’s careful examination of a 
brain injury, and his interpretation of the findings is as follows (page 
14): ‘‘Our ancient surgeon ... probes with his fingers to the interior 
and discovers cardiac pulsations, or as he says the ‘fluttering and 
throbbing like that on the crown of_an infant’s head before it has 
grown together.’ ”’ 

Correlation of the pulse and the heart is seen from the following 
(page 64): ‘‘In observing the pulse, our surgeon knows he is examin- 
ing the operation of the heart, and he states that the observation of 
the pulse is undertaken ‘in order to know the action of the heart.’ ”’ 

Further interesting observations on the pulse and its measurement 
follow (page 105): ‘‘When we note that the discussion in the next 
few lines... pictures the physician as placing his hands or fingers at 
various points along the body of the patient and discerning the pulsa- 
tions of the heart from one extremity to the other, the question in- 
evitably arises whether he is not discussing the counting of the pulse 
If so, it is the earliest 


? 


in making these references to . . . ‘counting. 
such reference in the history of medicine, for the counting of the 
pulse was unknown to early Greek Medicine and is not mentioned 
until Democritus and the Hippocratic treatises. 

‘*Tt first occurs in the treatise peri trophés about 400 B.C. It would 
be of especial interest as occurring at this remote age, not only in the 
history of physiology, but also in the history of the development of 
instruments for time measurement; for it would be impossible to count 
the pulse without an instrument finely enough developed to measure 
small intervals of time. The Egyptian water clocks or shadow clocks 
now known to us would have been rather ill suited for use in accurate 
counting of the pulse beat. The physician would have needed a port- 
able time measure. . . . The earliest known counting of the pulse with 
a time measure was done by the distinguished Herophilus of Alexandria 
in the third century B.C.”’ 


THE PAPYRUS 


Turning now to examine the facsimile of the papyrus itself, we see 
in Fig. 1 a photograph of the facsimile of Column I of the surgical 
treatise, dealing with three cases of head wounds, written in hieratie. 
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Fig. 1.—Photograph of the facsimile of Column I of the Surgical Treatise dealing 
with three cases with head wounds (Edwin Smith Surgical Papyrus. New York 
Historical Society.) A, Sense sign (ideogram) for the word “heart”; B, sound signs 
(phonograms) for the word “heart’’ (hieratic). University of Chicago Oriental In- 
stitute Publications. University of Chicago Press, Chicago, 1930. 
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Fig. 2.—Photograph of the facsimile of the hieroglyphic transliteration of Column 
I (cases of head wounds) of the Edwin Smith Surgical Papyrus. A, Sense sign 
(ideogram) for the word “heart”: B, sound signs (phonograms) for the word “heart” 
(hieroglyphic). The ideogram following the phonogram (reading from right to left) 
is spoken of as the “determinative,” as it appears to determine the meaning of the 


foregoing sound. University of Chicago Press, Chicago, 1930. 
Fig. 2 shows a photograph of the facsimile of the transliteration of 
Column I by a modern scholar from hieratie into hieroglyphic. 

The first references to the heart and circulation (pulse) and 
methods of their examination are found in Case 1 of Column J, which 
Dr. Breasted translates as follows: 

‘Now if the priests of Sekhmet or any physician put his hands (or) 
his fingers [upon the head, upon the back of the] head, upon the two 
hands, upon the pulse, upon the two feet [he] measures (h’y) [to] 


3 
20 
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the heart, because its vessels are in the back of the head and in the 
pulse ; and because its [pulsation is in] every vessel of every member.’’* 


The words enclosed in brackets [ |] represent those supplied by the 
translator, because of the ‘‘broken and fragmentary’’ condition of this 
portion of the column, and therefore cannot be accepted as absolutely 
conclusive. However, because of the context of the remaining clear 
portion of the treatise, and because of a parallel in another document 
(the Papyrus Ebers), there is little doubt of the correctness of this 
interpretation. One reads and appreciates this ancient methodical 
and objective description of the pulse, its examination and interpre- 
tation, with deepest interest, especially when viewed over the wide 
expanse of some 5,000 years. How little we realize today, instructor 
and student alike, the historical background of this simple clinical 
method, when we examine and palpate for the pulsating radial, carotid, 
brachial, femoral, dorsalis pedis, and posterior tibial arteries! It 
was Rokitansky who advised the medical student of his day ‘‘to light 
his torch on the flame of the ancients,’’ categorical advice which is 
still applicable. 

A second reference to the heart appears in Case VII, Column III, 
line 3, of the treatise: 

‘*his heart (— ‘his spirit’ or ‘his mind’) is too weary to speak, or 
‘for speech.’ His heart beats feebly.’’ 

Figs. 3 and 4, photographs of the facsimiles of the hieratie script 
and the hieroglyphic transliteration of Column III, respectively, con- 
tain the material whence this excerpt is taken. As is evident, ‘‘our 


*Dr. John A. Wilson, Director of the Oriental Institute, careful student of the 
Smith Papyrus, on reviewing this paper, comments on this passage of the papyrus 
as follows: 

“The passage means much the same thing under my translation. As my own 
translation differs slightly from that of Dr. Breasted, I give it here. If my trans- 
lation is of any use to you, you are of course welcome to it. 

‘LAs for] those (members on) which (A) the priests of Sekhmet or any physician 
puts his hands (or) his fingers: [upon the head, upon the back of the] head, upon 
the two hands, upon the location of the heart (B), (or) upon the two legs [he] 
measures (h’y) [for] (C) the heart. That is to say (D), its vessels are in the back 
of the head and in the location of the heart; that is, [it speaks throughout] every 
vessel of every member.’ 

A. For syntax, ef. K. Sethe, Eriiuterungen zu den altigyptischen Lesestiicken 
(Leipzig, 1927), 58, 15 to 17. 

B. Literally ‘place of the heart’; probably the physical location of the organ. So 
H. Grapow, Ueber die anatomischen Kentnisse der altdgyptischen Aertzen (Leipzig, 
1935) p. 15. Note that a ‘favorite’ is “he of the place of the heart’ —Erman & 
Grapow, Woérterbuch, IV, 4. 

C. ‘Measure to’ would probably be h’y r. 
h’y n, ‘measure for.’ 

D. The Ebers parallel has hr ntt ‘because of the fact that.’ But here we have 
nt pw, which Gardiner, Egyptian Grammar, No. 190,2, gives as ‘that is.’” 

In connection with this passage, one is struck by the close parallel found in the 
Ebers papyrus: (The Papyrus Ebers; Translated by B. Ebbell.) pp. 114 to 115. 

“XCIX. There are vessels from it to every limb. As for this, when any physician, 
any surgeon (lit. Sachmet-priest) or any exorcist applies the hands or his fingers to 
the head, to the back of the head, to the hands, to the place of the stomach, to the 
arms or to the feet, then he examines the heart, because all his limbs possess its 
vessels, that is: it (the heart) speaks out of the vessels of every limb.” 

The close similarity of these two passages suggests that the original writer of 
these two papyri (Ebers-Smith) was one and the same, or that they were two 
individuals, one copying from the other, or that, finally, the passage in both papyri 
was copied from a much earlier source, antedating both, 


Here we have, from the Ebers parallel, 


| 
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ancient surgeon’’ amplifies the simple observation of the heart to in- 
clude the concept of a failing or feeble organ, perhaps thus demon- 
strating his astuteness of observation and clinical experience. The 
phrase ‘‘too weary to speak!’’, suggestive of the tired heart, ex- 
presses the skill and artistry of the ancients. 

The Egyptian word for heart, a conventionalized picture of the 
organ, may be found in the hieratic script of Column I, line 7 (Fig. 
1); it is the character identified with the black arrow. Through the 
kindness of Dr. John A. Wilson, director of the Oriental Institute, 
University of Chicago, I was enabled to secure a pictorial enlargement 
of the word (Fig. 5). Likewise, the hieroglyphic analogue for heart, 
indicated with the arrow in Fig. 2, has been enlarged for easier iden- 
tification in Fig. 6. Thus we have graphic evidence of the introduc- 
tion into ancient Egyptian writing of the word “‘heart.’’ To some 
extent we may visualize the gross appearance of the heart from the 
hieroglyphic heart sign, particularly, as we shall see (p. 269), because 
it symbolizes the ox heart, and identifies the base and apex of the heart 
and the bilateral symmetrical projections, the pulmonary artery and 
aorta, respectively. 

In connection with the above, we may consider here certain data 
concerned with these early Egyptian records: ‘‘The hieroglyphic 
form of inscription was employed chiefly on monuments, consisting 
of birds, beasts, men or definite objects, sculptured in stone or painted 
on wood. The hieratic writing, on the other hand, was used in the 
sacred and medical papyri. The emblems used in the hieroglyphics 
are ‘contracted, mere indications being used to save the trouble of 
forming complete pictures of birds, beasts, ete. Thus, when copying 
or passing from stone to papyrus, it became essential to use some 
form of cursive writing for ease in execution, whence the develop- 
ment of hieratic script.’ 

The hieroglyphic sign for the heart may be found in A. H. Gardi- 
ner’s Egyptian grammar,’ the authoritative textbook of ancient 
Egyptian now used by all English-speaking Egyptologists. In Fig. 7, 
a photostat of page 456 of the grammar, one sees the heart sign No. 34 
marked with arrow. In further explanation and elucidation of ancient 
Egyptian, Gardiner writes as follows: ‘‘Even in the fully developed 
form of hieroglyphic writing only two classes of signs need be clearly 
distinguished. There are, first, sense signs or ideograms, and second, 
sound signs or phonograms. Ideograms, or sense signs, signify either 


the actual object depicted . . . or else some closely connected notion. 
Ideograms or sense signs . . . are signs that convey their meaning pic- 


torially. . . . In several of the examples quoted .. . the ideogram follows 


268 THE AMERICAN HEART JOURNAL 


one or more phonograms and ends the word. In such eases as these it 
is called a determinative, because it appears to determine the meaning 
of the foregoing sound.’’ In the definition of the heart sign (Fig. 7, 
No. 34) one may then identify the sign used first as an ideogram, and 
that in the latter part of the definition as a determinative to clarify the 
preceding written phonograms. One may now turn back to Fig. 2, 
where on close inspection it may be seen that the heart sign is also used 
as a determinative following the phonograms, reading from right to left, 


the usual direction of ancient Egyptian writing. 


Fig. 3.—Photograph of the facsimile of Column III of the Edwin Smith Surgical 
Papyrus. University of Chicago Press, Chicago, 1930. 


Further usage of the heart sign is found in the German dictionary 
of Erman and Grapow, ‘‘Worterbuch der aegyptischen Sprache,”’ 
Vol. IS (Figs. 8 and 9). Beginning with the heading ‘‘das Herz,”’ 
page 59, a wide variety of expressions in which the word heart is in- 
cluded is listed, and the list is continued on page 60. Many of these 
phrases were taken from the widely known and carefully studied and 


translated Papyrus Ebers (George Ebers—1875°). 
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And finally, it may be of interest to quote the following from 
Warren R. Dawson.’ ‘‘It is a noteworthy fact that the various 
hieroglyphic signs representing parts of the body and especially the 
internal organs are pictures of the organs of mammals and not of 
human beings. This shows that the Egyptian knowledge of the inter- 
nal structure of animals is older than their knowledge of that of man. 


Fig. 4.—Photograph of the facsimile of the hieroglyphic transliteration of Column 

III, dealing with head wounds, from the Edwin Smith Surgical Papyrus. University of 
Chicago Press, Chicago, 1930. 
It shows, further, that they recognized the essential identity of the 
two, for they borrowed the signs based on the organs of animals and 
used them unaltered when speaking of the corresponding organs of 
the body. Thus the hieroglyphic for heart is the heart of an ox and 
not that of a man.’’ 

This brief consideration of the earliest known reference to the heart 
and circulation, contained in the Edwin Smith Surgical Papyrus, may 
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Fig. 5.—Enlarged photograph of the Egyptian word for “heart,” taken from line 
7, Column I, of the Edwin Smith Surgical Papyrus. University of Chicago Press, 
Chicago, 1930. 


Fig. 6.—Enlarged photograph of the hieroglyphic analogue of the Egyptian word 
for “heart,” taken from. line 7, Column I, of the Edwin Smith Surgical Papyrus. 
University of Chicago Press, Chicago, 1930. 
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Sign-list EGYPTIAN GRAMMAR 


F 29 hide of leopard (?) Ideo. or det. in |f var. FS, séé (Sé)' ‘pierce’ and deriva- 
pierced by an arrow tives. Also phon. sé, ex. | $2,§* St¢ ‘(the goddess) Satis’. 
in spite of the fact that Pyr. write this name [x= (4° Stit 
with ¢ instead of ¢. 
1197- Brit. Mus. 852. Pyr. 1116; see AZ. 45, 24- 

30 water-skin Cf. saw ‘ water-skin’,' ‘cushion’? Hence phon. $d, 
exx. var. Pyr. sai ‘draw forth’; var. 
wid ‘address’, ‘question’. 

Kec. 119; cf. Petaiz, Deshasheh tg, O.K. ex. with det. waterskin. 


2, 1. /yr. 1030. * Brit. Mus. 574, 3. 
38 three foxes’ skins tied Cf. {|o* ms¢ ‘ apron of foxes’ skins’. Hence phon. ms (5). 
together exx. msi, var. Pyr. msi, birth’; 


wsdmt * black eye-paint’. 
Bibliography, Jéz.g3. Lac. Sarc. ii. 163. Pyr. 1466. * Eb. 33,3 


32 @= animal's belly showing Ideo. in =~ 4¢ ‘belly’, ‘body’. Hence phon. 4.* 


teats and tail? Medum, Pl. 12, with p. 30 A/phabet 155. 
33 SS! tail Det. in | sd (Sd)* ‘tail’. Hence phon. or phon. det. sd, 
Thebes, tomb 93. Pyr. 1302. Thebes, tomb 93. 
34 heart Ideo. in? var. Pyr. ‘heart’. Det. in Asty ‘heart’. 
Pyr, 311. 
35 {heart and windpipe* For unknown reason, phon. x/r* in ‘good’ and 


related words. 

Hier. p. 6s. Cf. "AvOpewov mapdia tprnucrn, 
onuaiver, HORAPOLLO, //ieraslyphica, 3, 4. For the # cf, Coptic * good *. 
36 lung and windpipe'! Cf. ‘lung’. Hence phon. or phon. det. (2) 

in var. sme (cms) * * unite’ and derivatives. 
AZ, 42, 80. * £6. 99, Leyd. V 4, 5. * Tyr. 2083. 
37. + backbone and ribs Ideo. or det. in var. ‘back’. Det. in 
psd ‘back’. By confusion with &] M 21, phon. det. sv in 
3. sm * succour’. 


BW. i. az, Sin, W141. iv. 947, 15. * Brit. Mus. ; 
V 4, 9; rather different, Wenthuw. 11. 


38 alternative to last Det. in ° psd‘ back’. 
(Dyn. XVII I) 1 Also with four ribs, ex. Cairo 34010, 11 LACAU, PL. 7) = U'rd. iv. 614, 7 
39 backbone with marrow Ideo. in 4s var. ‘ marrow’,? whence also 
issuing from it! var. inf * venerated state’. Rarely det. in of? psd 
* back’. 
Mout. i. p. 16, 4. 47, 136. Dyn. XVII, iv. 


373) 95 O.K., Ayr. §17- 


Fig. 7.—Photostat of page 456 of A. H. Gardiner’s “Egyptian Grammar,” showing 
the Egyptian word for “heart,” No. 34 of the sign list. A, Ideogram; B, phonograms ; 


C, determinative. Clarendon Press, Oxford, 1927. 


perhaps be of interest to medical men and students of medical history 
in emphasizing once again how very distant and far reaching are the 
roots of our knowledge in the biological sciences. It is surely with a 
deep sense of reverence that we of the present day are privileged to 
look back through these long vistas of growing human wisdom and 
understanding, may catch the first glimmerings of conscious scientific 
enquiry and observation, can appreciate the ‘‘flame of the ancients,”’ 
lighting the torch of knowledge in the domain of the heart and circu- 
lation, and can see it carried forward so brilliantly by ‘‘our ancient 
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Fig. 8.—Photostat of page 59 of Erman and Grapow’s “Wéorterbuch der aegypti- 
schen Sprache” Vol. I, showing various usages of the Egyptian word for heart, be- 
ginning with “das Herz.” J. C. Hinrichs’sche Buchhandlung, Leipzig, 1926. 
surgeon’’ (Imhotep ?), Aristotle, Praxagoras, Herophilus, Galen, 
Vesalius, Colombo, Harvey, Malpighi, Thebesius, and their many con- 
temporaries, pupils, and descendants. 

It is a pleasure to express to Dr. John A. Wilson, Director of the Oriental In- 


stitute, University of Chicago, my deep sense of indebtedness for his kindness and 
assistance in the preparation of this paper. I am likewise greatly indebted to Dr. 
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Fig. 9.—Photostat of page 60 showing a variety of MR oe in which the Egyptian 
word for heart is portrayed in Vol. I of the “‘Woérterbuch der aegyptischen Sprache,” 
Erman and Grapow. J. C. Hinrichs’sche Buchhandlung, Leipzig, 1926. 


Louis N. Katz, Director of Cardiovascular Research, Michael Reese Hospital, for 
many helpful criticisms. I am likewise indebted to the Oriental Institute for permis- 
sion to reproduce various photographs of facsimiles from the ‘‘ Edwin Smith Surgical 
Papyrus’’ (Figs. 1 to 6 inclusive); to the Clarendon Press for permission to repro- 
duce photostat of page 456 of A. H. Gardiner’s ‘‘ Egyptian Grammar’’ (Fig. 7) ; and 
to J. C. Hinrichs’sche Buchhandlung for permission to reproduce photostats of pages 
59 and 60 of Erman and Grapow’s ‘‘Wéorterbuch der aegyptischen Sprache’’ (Figs. 


8 and 9). 
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THE PROGNOSIS OF BUNDLE BRANCH BLOCK* 


Louis Faucéres Bisuop, Jr., M.D., AND GrorGe A. CARDEN, JR., M.D. 
New York, N. Y. 

INCE the advent of the electrocardiogram there has been a growing 

interest in the clinical significance of intraventricular conduction 
defects of the bundle branch block type. This interest has been fed 
by a progressive increase in the number of recorded examples. King? 
reports that in 1930 it was found moré frequently in the medical wards 
of Johns Hopkins Hospital than rheumatie or typhoid fever. As King 
suggests, this is probably due to a freer use of the electrocardiograph 
rather than to any significant increase in the incidence of the disorder. 
With few exceptions, the numerous reports of large series of well-studied 
cases which have appeared in the literature in the past 16 years indicate 
that the presence of a bundle branch defect, either partial or complete, 
is presumptive evidence of advanced heart disease and makes the prog- 
nosis grave. This is so contrary to our personal experience with a group 
of 50 patients whom we have followed for periods as long as 20 years 
that it stimulated the present communication. In this we have attempted 
to analyze a group of significant reports which have appeared in the liter- 
ature in the past 16 years, selecting those which lend themselves to a 
fairly uniform type of analysis, and to compare these with the present 
small series, in order, if possible, to disclose the factors which influence 
this discrepancy in prognosis. 


REVIEW OF 1,178 CASES FROM THE LITERATURE 


Type of Electrocardiogram.—It became apparent to White and 
Viko,? in 1923, who studied complete and partial bundle branch block 
separately, that there is little or no difference in the prognosis in the two 
groups. This observation has been adequately confirmed by Graybiel 
and Sprague.’ From 395 cases analyzed separately according to type and 
degree of bundle branch block, they concluded that partial bundle branch 
block should be regarded clinically as equally as significant as complete 
bundle branch block, and that the prognosis in both is essentially the 
same. 

The present review of 1,178 reported cases includes only those in 
which there was a pronounced degree of conduction defect, but no at- 
tempt has been made to review them separately with regard to the par- 
ticular type of conduction defect present. 


*Read at the Fourteenth Scientific Sessions of the American Heart Association, 
June 10, 1938, San Francisco, Calif. 
Received for publication July 20, 1938. 
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Age, Sex, Type of Heart Disease, Associated A-V Block, Cardiac Re- 
serve, and Cardiac Enlargement.—There is a close similarity in most 
of the statistical data. The age was not averaged in all the reports, but 
in 60 to 80 per cent of the cases it ranges between 50 and 70 years. 
In the hypertensive and arteriosclerotie group the average age is higher 
than in the syphilitic and rheumatie group. In King’s’ series of 150 
cases the average age was 61 years, 4 months, in the senile group; 48 
years, 3 months, in the syphilitic group; and 42 years, 2 months, in the 
rheumatie group. 

Males invariably predominate, 3 or 4 to 1. 

Those patients etiologically classified as having hypertensive or 
arteriosclerotic heart disease comprise 70 to 80 per cent of the cases, and 
of these about 50 per cent had had anginal symptoms. The remaining 
20 to 30 per cent includes cases of syphilitic and rheumatic heart disease, 
an oceasional case of congenital heart disease, and a few which could 
not be etiologically classified. The relative incidence of rheumatie and 
syphilitic heart disease depends upon the geographical distribution of 
the cases; the incidence of the former is higher in the northeastern 
United States, and that of the latter is higher in the Southern States. 

Associated A-V heart block, partial or complete, was found in various 
percentages from 3 to 34 per cent. In the 395 cases of Graybiel and 
Sprague,* the largest single series reported, A-V heart block, partial or 
complete, was present in 37 cases, or 9 per cent of the entire series. 

The reports did not lend themselves to a statistical analysis of the pre- 
cise cardiac status of these patients. In Herrick and Smith’s* 35 cases 
all of the patients had ‘‘cardiae weakness,’’ and 65 per cent had con- 
gestive failure. White and Viko? found congestive failure present in 
23, or 56 per cent, of 41 cases reported. Willius® found dyspnea on ex- 
ertion to be a prominent symptom in all of his 105 cases, in 14 per cent 
of which frank congestive failure was present. Hill® found pronounced 
eardiae insufficiency in all of his 41 cases. Campbell and Turkington,’ 
in their series of 56 patients, separated the hospital ward patients from the 
private ambulatory patients and found a marked degree of myocardial 
insufficiency in 60 per cent, mostly in the hospital group. Graybiel and 
Sprague’ observed congestive failure in 118 of their 395 cases. Al- 
though King,’ in the report of his series of 155 hospital cases, does not 
mention the cardiae status, he does point out that the very fact that the 
patients were in a hospital indicates that cardiac symptoms were present. 
In sharp contrast to the observations of others, Wood and his associates*® 
report no evidence of-heart disease, aside from the electrocardiographic 
evidence of a bundle conduction defect, in 31 per cent, no marked heart 
disease in 23 per cent, and definite heart disease with, and without, fail- 
ure in 45 per cent of their series of 64 patients. 

In the other reports no estimate of the relative cardiac reserve is 


recorded, but, judging from the 851 cases in which data are available, 
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it is apparent that, with the exception of the series of Wood, et al.,® car- 
diae insufficiency was present in a very high percentage of the cases of 
bundle branch block. In accord with this is the fact that cardiae enlarge- 
ment (although its presence or absence was not always mentioned) was 
even more common than frank eardiae insufficiency. For example, in 
Graybiel and Sprague’s* 395 cases heart size was noted in 166 and found 
to be larger than normal in 154 of these. Here again the findings of Wood 
and his associates® do not fall in line with those of others, as they found 
a very small percentage of patients with cardiae enlargement, and, as 
would be expected, that these are mainly patients manifesting other 
evidences of heart disease. ' 

Prognosis.—Of the 1,178 eases reviewed there are follow-up studies re- 
ported in 890; these are summarized in Table I. It is immediately 
evident from this table that the observations of Wood and his associates*® 
differ strikingly from all the others in regard to prognosis. By dividing 
them into three groups, according to the presence and the degree of 
heart disease, they show that the prognosis is dependent on the degree of 
attendant heart disease rather than on the presence of bundle branch 
block. As all their cases were examples of right bundle branch block, 
they raise the question whether the location of the bundle branch lesion 
accounts for the optimistic prognosis or whether their findings apply to 
bundle branch block of all types. In support of the former possibility 
they cite 14 cases of right bundle branch block (5 reported by Von 
Deesten and Dolganos and 9 by Oppenheimer, Rothschild, and Mann), 
in 12 of which the patients were followed for many years and did not 
manifest any cardiac symptoms. In support of the other hypothesis, 
namely, that lesions of the right bundle branch have no special indi- 
vidual prognostic significance, are the following notable observations: 
(1) Bayley® analyzed 75 eases of right and 103 of left bundle branch 
block and in referring to both groups collectively says: ‘‘The average 
person with bundle branch block shows little evidence of cardiovascular 
disease on routine physical examination.’’ As Bayley published no fol- 
low-up studies his series is not included in Fig. 1. (2) Campbell 
and Turkington’s’ follow-up studies of 56 patients with left bundle 
branch block,* which showed that the prognosis was good ih the non- 
hospitalized group, further tend to nullify the coneeption that the 
optimistic prognosis is limited to patients with defects in the right 
bundle only. (3) Finally, as mentioned previously, Graybiel and 
Sprague*® showed quite definitely in a study of a large enough series to 
earry conviction that neither the type nor the degree of bundle branch 
block had any special influence on the prognosis. The mere presence 
of any sort of intraventricular conduction defect, they felt, was of 
grave prognostic significance. 


*Reported as right bundle branch block (old terminology). 
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The balance of evidence would seem to indicate, then, that the favor- 
able prognosis observed by Wood and his associates® in patients without 
pronounced evidence of heart disease, other than the electrocardiographie 
indications of an intraventricular conduction defect, has nothing to do 
with the fact that they all happened to have right bundle branch block, 
but is rather to be ascribed to the relatively slight degree of attendant 
heart disease present. 

The high percentage of cardiac insufficiency and cardiae enlargement 
which occurred in the other groups accounts for the relatively poor 
prognosis in those groups. With the exception of the nonhospitalized pa- 
tients of Campbell and Turkington’s’ series and the selected group re- 
ported by Wood and his associates,’ roughly 60 to 70 per cent of all the 
other patients were dead within an average of one year after the dis- 
covery of the bundle conduction defect. The survival period of those 
still living averages 2 years, 10 months. Bach,?° and also King,’ both 
of whom presented their cases separately according to etiology, were in 
agreement that the prognosis is universally bad in the syphilitic cases, 
despite the fact that they occur in younger persons, and relatively good 
in the rheumatic cases. The results of follow-up studies over periods 
of 4 years or more are not mentioned in all the reports, but the studies 
which have been made, with the exception of that of Wood, et al.,° which 
showed that 22 patients, or 40 per cent, were alive 5 years (average) 
after the discovery of the electrocardiographic abnormality, reveal that 
few patients survive very long. Two patients, or 3 per cent, of Bach’s!® 
series were alive after 9 and 14 years, respectively. Campbell and 
Turkington’ report that 6 patients, or 11 per cent, were living between 
7 and 13 years after the discovery of the lesion. King' mentions only 2 
patients, both followed for 6.5 years, but does not state whether they 
were living or dead at the end of this time. Of 18 of Saleedo-Salgar and 
White’s™ patients (11 per cent of their series) 8 were living and 10 were 
dead after 6.4 years (average). 


PRESENT SERIES 


The present series consists of 50 patients seen in private practice 
during the course of the past 20 years, all of whom were ambulatory 
when first seen. All of those who are living have been contacted recently, 
and in eases in which death has occurred, the exact time and, in most 
instances, the mode of death have been ascertained. 

Type of Electrocardiogram.—Only electrocardiograms showing a 
marked degree of intraventricular conduction disturbance, with QRS 
intervals of 0.12 second or more, were chosen. Thirty-five were ex- 
amples of complete left bundle branch block, 5 of complete right bundle 
branch block, and 10 of intermediate types, differing only from complete 
bundle branch block in that the T-waves were not in the opposite direc- 
tion from the main ventricular complex in both Leads I and III. 
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Age, Sex, Type of Heart Disease, Associated A-V Block, Cardiac Re- 
serve, and Cardiac Enlargement.—As shown in Fig. 1, the average age of 
the 50 patients when first seen was 59.2 years. The average age of those 
still living is 10 years less than of those who have died. 

Twenty-six per cent, or approximately one-fourth, were women. 

When classified etiologically, 43 patients, or 86 per cent, had hyper- 
tensive or arteriosclerotic heart disease, 2 had syphilitic aortitis with 
aortie insufficiency, 2 had rheumatic valvular disease, and 3 were un- 
classified because they presented no clinical evidence of heart disease 
other than the electrocardiographie evidence of a bundle conduction 


defect. 


$0 
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AVERAGE AGES 
WHEN BBB D/SCOVERED AND WHEN LAST SEEN 


Fig. 1—Graph showing the total average age of the entire series when first seen, 
A. The patients are subdivided into those who are still living, B, and those who 
have died, C, and their ages are compared with similar data when last seen (D, HE, F). 
The age differences between these two groups give the average duration of life for 
the entire series in those living and those who have died. 


Partial auriculoventricular block not due to digitalis administration 
was encountered only once. 

The cardiae reserve at the time of the discovery of the bundle branch 
block was arbitrarily divided into three classifications: ‘‘good,’’ ‘‘fair,’’ 
and ‘‘poor.’’ The last was used for patients who had symptoms of 
cardiac insufficiency while at rest in bed or on very slight exertion. The 
first was used to signify a response to physical activity not incompatible 
with the patient’s age, though a few patients with mild angina on mod- 
erately severe exertion were included in this group. The term ‘‘fair’’ 
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was applied to those whose cardiae reserve appeared to be between 
‘‘good’’ and ‘‘poor.’’ Thus classified, the cardiac reserve was found to 
be ‘‘good’’ in 17 cases, ‘‘fair’’ in 22, and ‘‘poor’’ in 11. With the single 
exception of one patient who was living 8 years after the first visit, all 
of the patients with poor cardiac reserve died within 3 years. 

Cardiae enlargement, as determined fluoroscopically and teleoroent- 
genographically, was absent in 10 cases, and present in varying degrees 
in others. Among those patients classified as having a ‘‘good’’ cardiac 
reserve, the heart was not enlarged in 7, slightly enlarged in 8, and 
moderately enlarged in 2 (both rheumatic cases). Of those with “‘poor’’ 
cardiac reserve, 2 had slight, 4 moderate, and 5 had marked eardiae en- 
largement. 


Fig. 2.—Average duration from discovery of bundle branch block until last seen. 


AGE 30-Yo 40-50 50-60 60-70 70-80 80-90 


Fig. 3.—Average duration in different age groups from discovery of bundle branch 
block until last seen. 


Prognosis.—As is shown in Fig. 2, the average period of survival 
from the time of discovery of the bundle conduction defect until last 
seen is 5 years, 3.2 years for those who have died and 8.2 years for those 
still living. In Fig. 3 the ages are divided into decades, and the number 
of cases and average survival periods recorded in each. This shows that 
the average duration of life is longer among the younger patients. The 
fact that it happens to be greater in those between 40 and 50 than in 
those between 30 and 40 is probably not significant in view of the small 


78868 
(S88 
S388 
| | | 
| | | 

2 ag OR as OR HY OR | 


282 THE AMERICAN HEART JOURNAL 


number of cases in these groups. Twenty-one patients, or 42 per cent, 
in our series are living ; twenty-nine, or 58 per cent, are dead. The high- 
est mortality occurred in the first 4 years after the discovery of the 
lesion. Thirty per cent of the deaths occurred in the first year, 15 per 
cent in the second, 10 per cent in the third, and 8 per cent in the fourth, 
making a total of 63 per cent within the first four years. In the remain- 
ing patients who survived this four-year period the relative mortality 
decreased progressively, and with each year of survival the total life 
expectaney increased. Generalizing from these data then, the life ex- 
peetaney of any patient with bundle branch block, other factors being 
equal, increases progressively with each year of survival. 

Unusual Cases.—Three cases of transient, recurrent, complete bundle 
branch block are included in our series. In a ease previously reported,'* 
a man of 64 years with arteriosclerotic heart disease was found to 
have transient bundle branch block 7 years ago. The transient recur- 
rent nature of the lesion was observed for 3 years. For the past 4 
years the block has apparently remained permanent. He continues well 
and active, without cardiac symptoms. 

Another patient, a man of 60 years with anginal symptoms, who had 
a normal electrocardiogram in November, 1935, was found to have 
bundle branch block in August, 1936. Three months later he had a small 
coronary occlusion, but the bundle branch block was not observed again, 
although numerous electrocardiograms were taken, until January, 1937. 
It was observed again in March, 1937, and has been present on 4 subse- 
quent occasions. He still has slight angina on exertion, but has had no 
progression of symptoms since the discovery of the bundle branch block. 

The third ease of transient bundle branch block occurred in a 58-year- 
old man with chronie rheumatic heart disease and paroxysmal auricular 
fibrillation who had had electrocardiograms frequently since 1934; his 
right bundle branch block was first discovered in January and February, 
1936. In January, 1937, he had coronary occlusion, but the bundle 
branch block did not reappear until January, 1938; since then it has 
been present in all electrocardiograms, taken at monthly intervals. He 
has eardiae cirrhosis, persistent recurrent ascites, and edema, and his 
condition has been growing progressively worse. Despite this, he still 
manages to get to his office several days a week. 


Five patients, two men and three women, who have been followed an 
unusually long time, are included in the present series; all of them are 
still living. One is a man now 80 years old, whose bundle branch block 
was first discovered 17 years ago, at the age of 63, when he came to the 
office complaining of palpitation and nervousness. Though he has not been 
seen recently, he is reported to be well and reasonably active for his age. 
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Another is a woman who was 61 when her bundle branch block was first 
discovered 18 years ago. At that time she had paroxysmal auricular 
fibrillation, which became chronic 12 years later. She also developed 
mild diabetes and osteoarthritis. In a letter from her local doctor en- 
closing a recent electrocardiogram, he states that she has no cardiac 
symptoms, but is considerably incapacitated from a combination of old 
age, diabetes, and arthritis. 

The third case was that of a woman whose bundle branch block was 
discovered 18 years ago at the age of 47. She has had slight dyspnea on 
exertion which has progressed very little during the past 18 years. She 
was seen two months ago. She continues to be active without any sig- 
nificant increase in cardiae symptoms. 

The fourth case occurred in a young man with chronic inactive rheu- 
matic heart disease and mitral stenosis whose bundle branch block was 
first discovered at the age of 26, 19.5 years ago. He is still active and 
reasonably well, despite fairly marked cardiac enlargement. 

The fifth case, in which the duration was longest of all, was that of 
a woman whose bundle branch block was first disclosed at the age of 52, 
20 years ago. Her chief complaint at that time was of a sharp pain in 
her chest and back more suggestive of neuritic than of cardiac origin. 
The finding of bundle branch block was quite unexpected. She was then 
lost sight of, but has been located recently and found to be well and 
active, without cardiac symptoms at the age of 72. 


DISCUSSION 


In comparing the present series with the 890 cases collected from the 
literature in which the patients were followed, it is apparent that there 
is a significant difference in prognosis between the two groups. This is 
illustrated in Tables II and III. In Table II the average survival period 
in these 890 cases is compared with the corresponding data in the present 
series. The figure of 8 years 2 months for the average duration of life 
in our living patients is somewhat distorted by the 5 cases in which the 
bundle branch block was of unusual duration, mentioned above. When 
these are omitted, the average is 5 years 1 month, still almost twice that 
in the 890 previously reported eases. Table III compares the individual 
survival periods in our cases and in those of three of the most optimistic 
reports in the literature (Campbell and Turkington,’ Salcedo-Salgar 
and White,’ and Wood and his associates*). The longest follow-up 
study previously reported is that of the patient reported to be living and 
well 14 years after the discovery of the bundle branch block. 

In Saleedo-Salgar and White’s™ series of 157 cases, 21 patients sur- 
vived 4 years or more, as compared with 23 for the same period in the 
present series of 50 cases. 


284 THE AMERICAN HEART JOURNAL 


TABLE II 


PRESENT SERIES COMPARED TO CASES FROM THE LITERATURE WITH RELATIONSHIP TO 
Per CENT OF PATIENTS LIVING AND DEAD AND SURVIVAL PERIODS 
IN THESE Two GROUPS 


DEAD | LIVING 

| | | | TERAGE 

OF PATIENTS | | PER PER | 
am | NO. | r LIFE AFTER | NO. | LIFE AFTER 

FOLLOWED | | CENT | CENT | 
| BBB BBB 

DISCOVERED | | DISCOVERED 

Cases from the | 820 |560| 63 | i 2 1330] 37 2 yr. 10 mo. 
literature 

Present series | 50 29; 58 | 3 yr. 2 mo. 21; 42 | 8 yr. 2 mo. 


TABLE III 
COMPARISON OF SURVIVAL PERIODS IN OuR CASES (INCLUDING PATIENTS BoTH LIVING 
AND DEAD) WITH THOSE IN THE CASES OF THREE OF THE Most OPTIMISTIC 
REPORTS IN THE LITERATURE 


|  TURKINGTON CARDEN 
YR. |NUMBER|PER CENT|NUMBER|PER CENT} NUMBER |PER CENT|NUMBER|PER CENT 
Less than} 68 43 | 22 | 44 6 
1 year | 
1 29 18 | 11 | 2 _ 7 | 12 24 
2 18 =.) 4 | 8 9 17 8 16 
3 19 12 5 | 10 9 | W eT # 
4 2 9 | 17 
5 1 6 2 | 4 9 | 17 |) (oY | 2 
6 3 2 = aa 6 
7 2 2 | 1 2 
9 2 ] 4 8 l 2 
10 4 
11 2 1 | 2 
12 2 + 
13 1 2 | | 
14 
15 
16 | 
17 | 1 | 9 
18 | 2 | 4 
19 1 2 
Total | 157 50 | 54 


CONCLUSIONS 
Bundle branch block, partial or complete, is not in itself indicative 
of severe heart disease, nor of a poor prognosis. The character and de- 
gree of attendant heart disease are the principal factor in determining 


prognosis, and not the presence or absence of bundle branch block. 


REFERENCES 


1. King, John T.: Bundle-Branch Block: A Case Analysis With Especial Ref- 
erence to Incidence and Prognosis, Am. J. M. Se. 187: 149, 1934. 

2. White, Paul D., and Viko, Louis E.: Clinical Observations on Heart Block, 
Am. J. M. Se. 165: 659, 1923. 


BISHOP AND CARDEN: BUNDLE BRANCH BLOCK 285 


. Graybiel, Ashton, and Sprague, Howard B.: Bundle-Branch Block: An 


Analysis of 395 Cases, Am. J. M. Se. 185: 395, 1933. 


. Herrick, James B., and Smith, Fred M.: Clinical Observation on Block of 


the Branches of the Auriculoventricular Bundle, Am. J. M. Se. 164: 469, 
1922. 


5. Willius, Frederick A.: Clinical Features of Cases Exhibiting Electrocardio- 


grams Conforming to Those of Experimental Complete Bundle-Branch 
Block, AM. Heart J. 1: 576, 1926. 


3. Hill, Ian G. W.: Bundle-Branch Block. A Clinical and Histological Study, 


Quart. J. Med. 24: 15, 1930. 


. Campbell, 8. B. Boyd, and Turkington, 8. I.: Right Bundle-Branch Block. 


An Analysis of the Clinical Records of Fifty-Six Cases with Typical 


Electrocardiograms, Quart. J. Med. 24: 481, 1931. 


. Wood, Francis Clark, Jeffers, William A., and Wolferth, Charles C.: Follow- 


Up Study of Sixty-Four Patients with a Right Bundle-Branch Conduction 
Defect, AM. Heart J. 10: 1056, 1935. - 


. Bayley, R. H.: The Frequency and Significance of Right Bundle-Branch 


Block, Am. J. M. Se. 188: 241, 1934. 


. Bach, Francis: On the Clinical Significance of Right Bundle-Branch Block, 


Quart. J. Med. 23: 261, 1930. 


. Saleedo-Salgar, Jorge, and White, Paul D.: The Relationship of Heart Block, 


Auriculoventricular and Intraventricular, to Clinical Manifestations of Coro- 
nary Disease, Angina Pectoris and Coronary Thrombosis, AM. HEART J. 10: 
1067, 1935. 


. Bishop, L. F., Jr.: Transient, Recurrent, Complete Left Bundle-Branch Block, 


AM. Heart J. 15: 354, 1938. 


3. Bishop, L. F., and Bishop, L. F., Jr.: Bundle Branch Block of Unusual 


Duration, J. A. M. A. 98: 398, 1932. 


. Hart, T. Stuart: Block of the Branches of the Bundle of His. Clinical Notes 


on the Changes Following the Administration of Digitalis: Comments on the 
Levocardiogram, Dextrocardiogram and Bicardiogram, Arch. Int. Med. 35: 
115, 1925. 


THE ROLE OF THE TREATMENT OF SYPHILIS IN THE 
PREVENTION OF CARDIOVASCULAR INVOLVEMENT* 
Paut THompson, M.D., Los ANGELES, CALIF., 


Witrrip J. Comeau, M.D., anp D. Wuirr, M.D., 
Boston, Mass. t 


HE importance of the prevention of syphilitic aortitis, together with 

the present national interest in the subject of syphilis both among 
laymen and the members of the medical profession, has made it desirable 
to attempt a statistical evaluation of antisyphilitie therapy in relation 
to the later development of cardiovascular involvement. It is the gen- 
eral impression in some localities that cardiovascular syphilis is much 
less common today than it was two or three decades ago. There are two 
probable reasons for this. The first is that in cases of aortic regurgita- 
tion of uncertain etiology, rheumatic rather than syphilitic involvement 
of the aortic valve is now considered the more likely, whereas formerly 
the reverse was usually true; this is especially so in communities where 
rheumatic heart disease is common. The second reason is the wider 
application of more effective treatment, which has doubtless been the 
primary factor in reducing the incidence of the late and serious mani- 
festations of syphilis. To our knowledge, however, such statements as 
the last are based almost entirely on clinical impressions without the 
factual support of adequate data. The present study of 260 individuals 
who contracted syphilis fifteen to twenty-five years ago is an early at- 
tempt to supply more concrete information on the relationship of the 
amount of early antisyphilitic therapy to the incidence of cardiovascular 
involvement. 

The limitations of such a study as this are not readily apparent. It 
would appear, as it did to us originally, that modern methods of anti- 
syphilitic therapy have been in use long enough to establish their value 
in the prevention of cardiovascular involvement. Actually, however, 
adequate antisyphilitie therapy in the light of our present concepts was 
not practiced until about 1920 and, even then, almost entirely in special 
clinies or by syphilologists. This is clearly indicated in Tables III and 
IV, which show that early treatment was far better in those individuals 
who had their primary syphilis less than twenty years ago than in those 
infected before that. The reason for this becomes clear when the follow- 
ing facts are considered. Arsenic, the most efficacious of the anti- 
syphilitie drugs, was not introduced by Ehrlich and Hata until 1910, 
and the development of a clear understanding of its proper use occupied 


*From the Cardiac and Luetic Clinics of the Massachusetts General Hospital, and 
the Luetic Clinic of the Boston Dispensary, Boston. 
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the greater part of the next decade. Bismuth, which is at present next 
in importance, did not come into wide usage until after 1925. Further- 
more, most of the individuals were treated originally by local physicians 
whose understanding of the diagnosis and proper treatment of early 
syphilis was inadequate in most instances. Another difficulty, which the 
present national campaign should remedy, is the fact that the signifi- 
eance of the early lesions of syphilis is just now being appreciated by 
laymen. Our experience with the present group showed clearly that 
most of the individuals were unconcerned by early syphilitie manifesta- 
tions for which the majority of young people of today would seek medi- 
cal attention. Because of this it is very difficult to assemble a group, 
even as small as the present one, of patients with a definite history of 
early syphilis and anything approaching satisfactory treatment. More 
years must elapse before it will be possible to follow up the late results 
(fifteen to twenty-five years after infection) of the adequate early 


treatment of syphilis. 


MATERIAL AND METHOD 


Selection of Cases.—The cases used for this study were selected from the records 
of the Massachusetts General Hospital and the Boston Dispensary.* There were 
two criteria for the selection of each patient: first, a definite history of primary 
syphilis dating back fifteen to twenty-five years, and second, adequate personal 
knowledge of early treatment if such information was not already available from 
hospital records. The presence or absence of a previous diagnosis of cardiovascular 
syphilis played no part in selection. A minimum of fifteen years was taken because 
it is known that cardiovascular syphilis becomes manifest in many cases by that 
time. A maximum of twenty-five years was chosen because antisyphilitic therapy 
previous to that time was very inadequate as judged by present standards. We 
have followed up and re-examined 260 individuals in whom the date of the primary 
syphilis and the early and late specific treatment are known and who form an un- 
selected group with respect to their present clinical condition. 

Method of Examination.—In each individual a detailed history of the primary 
lesion and treatment, together with a cardiovascular history, was taken, and physical 
and fluoroscopic examinations were carried out. Particular attention was given to 
the aorta, which was examined with the aid of barium in the esophagus. An 
orthodiagram was made in each instance. No measurement of the aorta was at- 
tempted since there exists no truly reliable method to distinguish between abnormal 
and normal aortic size unless a gross abnormality is present. Under such condi- 
tions aortic dilatation would be readily recognizable without resort to mensuration. 
Thus the size of the aorta in this study is based entirely on our fluoroscopic im- 
pression of its size. Routine electrocardiograms were not taken; they are rarely 
abnormal except in cases showing easily diagnosable cardiovascular syphilis. 


Diagnosis and Grouping of Cases—Much has been written about the 
diagnosis of cardiovascular syphilis. Its recognition in the advanced 
stages is not usually difficult. The criteria for the diagnosis of early 
cardiovascular syphilis, however, vary with different writers on the sub- 
ject. Perhaps the most generally accepted criteria for the diagnosis of 


*Through the courtesy of Francis M. Thurmon, M.D., Chief of the Skin Clinic of the 
Boston Dispensary, the records of that hospital were made available to us, 
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uncomplicated aortitis (without aneurysm or aortic regurgitation) are 
those published by Moore’ and the Cooperative Clinical Group.? We are 
convinced, however, that uncomplicated syphilitic aortitis cannot be 
diagnosed with any degree of certainty unless definite dilatation of the 
aorta can be shown roentgenologically. A tambour aortic second sound 
and inereased retromanubrial dullness are unreliable signs, in our ex- 
perience. ‘Furthermore, circulatory embarrassment, progressive cardiac 
failure, and paroxysmal dyspnea do not occur in syphilitic aortitis ex- 
cept when there is aortic regurgitation or marked narrowing of the 
coronary orifices; in such instances gross dilatation of the aorta and 
cardiac enlargement are almost certain to be present. Syphilitie myo- 
carditis as a cause of heart failure is very rare, and angina pectoris in 
syphilitic heart disease is relatively uneommon. The cardiac functional 
criteria suggested by Moore and the Cooperative Group are far more 
likely to be the result of degenerative heart disease in a syphilitic patient 
than due to uncomplicated syphilitic aortitis. 

We?’ are convinced that a positive diagnosis of cardiovascular syphilis 
can be made only when at least one of the following findings is present : 
(1) a saceular aneurysm of the aorta or innominate artery, (2) aortic 
regurgitation appearing for the first time in a middle-aged person with 
a positive serologic reaction for syphilis, or (3) a diffusely dilated aorta 
without aortic regurgitation or hypertension, past or present. Uncom- 
plicated syphilitie aortitis can be detected only by means of roentgeno- 
logie studies, and we agree with the conservative roentgenologie attitude 
of Steel.t Those experienced in the roentgenologic examination of the 
heart are aware of the difficulty in discerning slight and at times even 
moderate degrees of aortic dilatation and, particularly, in ascribing it 
to syphilis when such possible factors as hypertension and arteriosclerosis 
are present. Consequently we feel that a positive clinical diagnosis of 
early cardiovascular syphilis is practically impossible. 

In view of the above considerations we have divided our material into 
four clinical groups. First, there is a group with normal hearts without 
dilatation of the aorta. Varying degrees of aortic tortuosity were pres- 
ent in some of the older individuals in this group, but this finding per se 
is not to be considered as evidence of cardiovascular syphilis. Second, 
individuals showing questionable aortic dilatation are so classified im- 
plying the possibility but improbability of syphilitic involvement. 
There are two reasons for our hesitancy about this group: (1) the 
difficulty in actually determining slight increases in aortic size roent- 
genologically, and (2) the fact that slight dilatation of the aorta is 
not uncommon in individuals of this age, particularly when arterio- 
sclerosis is present. Third, individuals with moderate aortic dilatation 
are classified as having probable aortitis; we do not think sufficient dila- 
tation is present in these cases to be absolutely diagnostic of syphilitic 
aortitis. And fourth, there is a group with a diagnosis of definite cardio- 
vascular syphilis, made on the basis of the criteria stated above. 
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Criteria of Treatment.—In view of the diversity of the type, duration, 
and continuity of treatment in these cases it was difficult to establish 
criteria which were satisfactory and at the same time sufficiently simple 
to be applied to a study of this nature. We classified as early treatment 
any medication given during the first five years after the initial infection. 
Late treatment was considered to be all medication between six and 
fifteen years after infection. Treatment beyond fifteen years was not 
analyzed because we felt that it would not prevent cardiovascular in- 
volvement. In view of the fact that antisyphilitie medication other than 
arsenic and heavy metals given parenterally is relatively ineffective, we 
established our criteria entirely on the basis of the dosage of arsenic and 
heavy metals administered by injection. It was not practical to sub- 
divide the types of heavy metal or arsenical preparations. Table I shows 
the six grades of treatment which we established and the manner in 
which they are condensed for simplification of discussion. The figures 
indicate the total number of injections received during each period of 
treatment (early and late). 


TABLE I 


NUMBER AND KIND OF INJECTIONS GIVEN IN EACH GRADE OF TREATMENT 


NUMBER*OF INJECTIONS 
OF TREATMEN 
ARSENIC BISMUTH OR MERCURY 
0 0 0 
I -Very poor 0-6 and 0-10 
II 7-12 and 11 plus 
III Poor 3-19 and 15 plus 
IV la: 20 — 29 and 20 plus 
Fai ‘ 
30 plus and 40 plus 


ANALYSIS OF DATA 


Among the 260 individuals were 19 who had heart disease of other 
than syphilitic etiology. It was considered advisable to avoid all com- 
plicating factors, so these were eliminated from the analysis. Table II 
shows the present cardiovascular status of the remaining 241 patients, 
who are subdivided according to the time that has elapsed since the 
initial infection and according to sex. Except for one negro who proved 
to have cardiovascular syphilis, all of our group were white. The males 
predominated by a ratio of 5 to 1, with 200 men and 41 women. 

It is of interest that 90 per cent of the individuals escaped without 
clinically detectable cardiovascular syphilis. Doubtless some of the pa- 
tients classified as having normal aortas or questionable aortic dilatation 
have a slight degree of syphilitic aortitis which it was not possible to diag- 
nose. This is particularly likely in the light of the pathologic studies of 
Langer,’ Guldberg,® and Warthin,’ which indicate that 55 to 86 per cent 
of syphilitic individuals have microscopic or gross evidence of cardio- 
vascular involvement, although it may not be of any clinical importance. 
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TABLE II 


DISTRIBUTION OF CASES WITH RESPECT TC PRESENT CARDIOVASCULAR STATUS 
AND TO SEX 


| PERCENT* 


PRESENT CARDIOVASCULAR STATUS 

AND TIME ELAPSING SINCE MALES FEMALES TOTAL OF 

INFECTION TOTAL 

Normal hearts and aortas 

15-19 years, inclusive 75 18 93 

20-25 years 82 15 97 

Total 15-25 years 157 33 190 | 80% 
Questionable aortic dilatation 

15-19 years, inclusive 8 3 11 

20-25 years 11 3 14 

Total 15-25 years 19 6 25 10% 
Probable aortitis 

15-19 years, inclusive 3 2 5 

20-25 years 3 0 3 

Total 15-25 years 6 2 8 3% 
Definite cardiovascular syphilis 

15-19 years, inclusive 5 0 5 

20-25 years 13 0 13 

Total 15-25 years 18 0 18 7% 
Grand totals 200 41 241 | 100% 


*Percentages in this and the following tables are expressed to the nearest whole 
number. 

Our figures are quite similar to those of Bruusgaard* and Turner’ 
with respect to the incidence of cardiovascular involvement. The former 
found that 10 per cent of 473 untreated syphilities examined ten to 
thirty years after the primary infection had cardiovascular syphilis, 
while Turner’s® statistical survey of 6000 syphilitics shows an incidence 
of 7.2 per cent in white individuals (10.1 per cent when negroes were 
included). By combining our probable (3 per cent) and definite (7 per 
cent) eases of aortic syphilis, we find an incidence of 10 per cent. 
(Among our eighteen patients with definite cardiovascular syphilis there 
were seven with saccular aneurysms, one of whom had aortic regurgita- 
tion, and eleven with diffusely dilated aortas, of whom seven had aortic 
regurgitation.) It is probably safe to say that no more than 10 per cent 
of white syphilities, whether treated or not, will develop clinical evidence 
of cardiovascular syphilis. 

Tables III and IV show the pertinent facts regarding the amount 
of early treatment received by the 241 patients. Inspection of these 
tables shows that there was very little difference in the amount of treat- 
ment received by the individuals who now have normal aortas, question- 
able aortic dilatation, and probable aortitis, but the eighteen patients with 
definite cardiovascular syphilis without exception received ‘‘very poor”’ 
or ‘‘poor’’ treatment during the first five years following their infec- 
tions. Six of the eight patients designated as eases of probable aortitis 
had very poor early treatment. 

It is of interest that the two patients with probable aortitis who re- 
ceived ‘‘fair’’ early treatment were adequately treated, theoretically, 
since therapy was begun in the early stages of the disease and continued 


THOMPSON ET AL.: TREATMENT OF CARDIOVASCULAR SYPHILIS 291 


TABLE III 


DISTRIBUTION OF CASES WITH RESPECT TO GRADE OF EARLY TREATMENT 


EARLY TREATMENT 
PRESENT CARDIOVASCULAR (TOTAL DURING 0-5 YEARS) 


STATUS AND TIME ELAPSING TOTAL 
Normal hearts and aortas | 
15-19 years, inclusive 21 12 19 m7 SO 20 | 
20-25 years 36 24 20 11 | 2 4 | 
Total 15-25 years 57 | 36 | 39 26 | 8 | 24 | 190 
Questionable aortic dilata- | 
tion . 
15-19 years, inclusive 0 4 | 2 
Total 15-25 years 6 4 4 1 25 
Probable aortitis 
15-19 years, inclusive 1 2 | 0 6 | 6 2 
20-25 years 0 0 0 
Total 15-25 years 1 3 2 | 0) o 3 2 8 
Definite cardiovascular | 
syphilis | | 
15-19 years, inclusive 2 Bi 0 1 0 0 
20-25 years 8 4 i 0 0 0 
Total 15-25 years at ! 0 0 18 
Grand totals 9 27 241 


*Roman numerals indicate the grades of treatment received; see Table I. 


TABLE IV 


DISTRIBUTION OF CASES WITH RESPECT TO GRADE OF EARLY TREATMENT 


(Grades of Treatment Shown in Table III Are Combined Into Very Poor, 
Poor, and Fair) 


"EARLY TREATMENT 
PRESENT CARDIOVASCULAR (TOTAL DURING 0-5 YEARS) 
STATUS AND TIME ELAPSING 
VERY POOR POOR FAIR 
I AND II III IV AND V 
Normal hearts and aortas 
15-19 years, inclusive 52 ( 56%) 15 (16%) 26 (28%) 
20-25 years 80 ( 83%) 11 (11%) 6 ( 6%) 
Total 15-25 years 132 ( 69%) 26 (14%) 32 (17%) 
Questionable aortic dilatation 
15-19 years, inclusive 6 ( 55%) 3 (27%) 2 (18%) 
20-25 years 11 ( 79%) 3 (21%) 0 
Total 15-25 years 17 ( 67%) 6 (24%) 2 ( 9%) 
Probable aortitis 
15-19 years, inclusive 3 ( 60%) 0 2 (40%) 
20-25 years 3 (100%) 0 0 
Total 15-25 years 6 ( 75%) 0 2 (25%) 
Definite cardiovascular syphilis 
15-19 years, inclusive 4 ( 80%) 1 (20%) 0 
20-25 years 13 (100%) 0 0 
Total 15-25 years 17 ( 94%) 1( 6%) | 0 
Grand totals 172 ( 71%) 33 (14%) | 36 (15%) 
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for the first two years after the initial infection. The treatment in these 
two cases is inconsistent with the uniformly ‘‘very poor’’ and ‘‘poor’’ 
treatment received by all other patients in the series who now have prob- 
able or definite aortitis. Because these two patients had aortic dilatation 
without definite aneurysm or aortic regurgitation, and because the treat- 
ment received is at variance with that in the other cases of probable or 
definite syphilitic aortitis, we may not be entirely justified in regarding 
their findings as indicative of probable aortitis. The inconsistency in 
these two cases offers further support of our conservative attitude in 
adhering to strict criteria for the clinical diagnosis of cardiovascular 
syphilis. 

Of the entire group, 178 individuals received ‘‘very poor’’ late treat- 
ment (six to fifteen years after infection), while sixty-three subjects 
availed themselves of more adequate therapy. Table V shows that 
‘‘fair’’ late therapy was given to most of these sixty-three individuals 
but that only one in each of the groups of patients who now have prob- 
able and definite cardiovascular syphilis received late treatment ap- 
proaching an adequate amount. In both of these cases treatment was 
not started until ten years after the initial infection; its value in pre- 
venting cardiovascular involvement is therefore questionable. 


TABLE V 


DISTRIBUTION OF CASES WITH RESPECT TO GRADE OF LATE TREATMENT* 


PRESENT CARDIOVASCULAR TOTAL GRADE OF LATE TREATMENT 
STATUS AND GRADE OF NUMBER VERY POOR POOR FAIR 
EARLY TREATMENT OF CASES | 0,1 AND II III IV AND V 
Normal hearts and aortas 
Very poor 132 94 ] 37 
Poor 26 21 3 2 
Fair 32 20 0 12 
Total 190 «85 51 
Very poor 17 12 1 | 4 
Poor 6 5 ] 0 
Fair 2 2 0 | 0 
Total 25 19 i 
Very poor 6 5 0 1 
Poor 0 0 0 0 
Fair 2 2 0 0 
Definite cardiovascular syphilis Fo = 
Very poor 17 16 0 1 
Poor 1 1 0 0 
Fair 0 0 0 0 
Total 18 17 0 a 
Grand totals 241 178 6 57 


*Late treatment is herein defined as treatment given after the first five years and 
through the fifteenth year following the initial infection. 


With so few cases of syphilitic aortitis as there are in our series and 
the generally poor treatment received by nearly all individuals it is diffi- 
cult to evaluate with certainty the effect of treatment in preventing 
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aortitis. We must content ourselves with the observation that all of our 
patients with definite aortitis and three-fourths of those with probable 
aortitis had inadequate treatment during the first five years after in- 
fection, and that only one patient with definite aortitis and one with 
probable aortitis had treatment of any consequence during the follow- 
ing decade. 

SUMMARY 

The data on 260 individuals who contracted syphilis fifteen to twenty- 
five years before this study was made were analyzed in detail with re- 
spect to the present cardiovascular status of the subjects and the rela- 
tionship of treatment thereto. Of these, 19 individuals had heart dis- 
ease of other than syphilitic etiology and were eliminated from the 
analysis. Of the remaining 241 patients, 18 (7 per cent) had definite 
cardiovascular syphilis and 8 (3 per cent) had probable aortitis. In 
190 subjects (80 per cent) the heart and aorta were normal, while 25 
(10 per cent) had questionable dilatation of the aorta. Our results agree 
with those of certain other observers in regard to the incidence of eardio- 
vascular syphilis, for we found an incidence of 10 per cent (3 per cent 
probable aortitis and 7 per cent definite cardiovascular syphilis). The 
grade of treatment showed little difference in the clinical groups except 
for individuals with definite cardiovascular syphilis. All of these had 
inadequate early treatment and in all but one imstance the late treatment 
was no better. There was only one negro in our entire group. 

The data accumulated in this study, although necessarily unsatis- 
factory in certain respects, give some support to our clinical impression 
that adequate treatment of syphilis tends to prevent the later clinical 
manifestations of cardiovascular syphilis. Our material should be useful 
as a basis for comparison in future studies which should be made when 
time and education have eliminated many of the present difficulties in 
attempting such an analysis. 

We wish to express our gratitude to Miss Marguerite Flood, of the Social Service 
Department of the Massachusetts General Hospital, for her cooperation and in- 


valuable help in this study. 
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THE EFFECT OF CERTAIN PURE DIGITALIS-LIKE 
GLUCOSIDES ON THE FROG’S HEART 


A. GARRARD MAcLEop, M.D. 
New York, N. Y. 


N 1915, Cohn, Fraser, and Jamieson' described the characteristic effects 

of digitalis on the T-wave of the human electrocardiogram, and 
recommended the observation of these effects as a means of following the 
action of the drug in patients. The method has been applied extensively 
ever since in clinical medicine. It is surprising, therefore, that similar 
methods have been so little used in animals. Since the studies of such 
investigators as Straub,? practically no attention has been paid to 
changes in the form of the electrogram or electrocardiogram of animals 
under the influence of the drugs of the digitalis group. Lewis and his 
collaborators’ and Love* used electrical records in investigating their 
effect on the refractory period of the heart, but did not study alterations 
in the form of the curves. 

Sinee the researches of Dr. W. A. Jacobs and his collaborators® ** into 
the chemical constitution of certain digitalis-like glucosides have made 
available quantities of these substances in pure crystalline form, it 
seemed worth while to investigate their effect on cardiac action currents. 
Furthermore, the work of Craib,° Wilson, Macleod, and Barker’ and 
Macleod® has made it possible to interpret electrograms rationally. A 
study of the effect of these pure glucosides on the frog’s electrogram 
should give, therefore, an insight into their effect on certain of the 
fundamental properties of heart muscle, and consequently make it pos- 
sible to understand more clearly the significance of the changes which 
they and similar substances produce in the human electrocardiogram. 


METHOD 


All of the experiments were performed on the Louisiana bull frog (Rana 
catesbiana). The animals were pithed, care being taken to avoid loss of blood. 
The heart was exposed by removing the sternum and slitting the pericardium, but 
left in situ. Electrograms were recorded from the surface of the heart by the 
unipolar method described by Wilson, Macleod, and Barker.? The exploring elec- 
trode (the one in contact with the heart) consisted of a thread, moistened with 
saline solution, projecting from the end of a silver tube whose inner surface was 
coated with silver chloride: The indifferent electrode (the one at a distance from 
the heart) was a silver plate, 1 em. by 5 em., coated with silver chloride, and it 
was placed beneath the skin of the hind leg.. Since the resistance of the exploring 
electrode was high, a one-stage direct current amplifier was used in conjunction 
with the string galvanometer. 


From the Hospital of the Rockefeller Institute for Medical Research, New York. 
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During the experiment the thread projecting from the end of the silver tube was 
held in place by surface tension; it was sufficiently limber to follow the movements 
of the heart. In many experiments a cephalocaudal lead was also taken by placing 
an electrode in contact with the larynx and pairing it with the indifferent electrode. 

When refractory periods were measured, a neon tube stimulator was adjusted to 
deliver shocks at a rate slightly slower than the existing heart rate. The stimuli 
were delivered to the tissue by means of a platinum electrode, the terminals of 
which were placed astride the exploring electrode. This method of obtaining the 
record from the region stimulated was adopted because Drury and Love® have 
shown that an impulse arising just after the end of the refractory period may be 
conducted decrementally. A large deflection caused by the stimulus was recorded 
in the electrogram, but it did not interfere with the interpretation of the record 
nor endanger the string of the galvanometer. 

The drugs were dissolved in alcohol and diluted to the proper strength with 
Howell’s solution. The dose usually used was 0.03 mg. per 100 gm. of frog. This 
was sufficient to produce profound effects and was often lethal in from one and 
one-half to three hours. All drugs were given intravenously into the lateral cutaneous 
vein. The total volume injected in this way never exceeded 1 c.c. 


Fig. 1.—The effect of atropine on the frog’s electrocardiogram and electrogram. 
The upper curve in each case is a direct lead from the auriculoventricular junction. 
The lower curve is an indirect lead from the region of the larynx to the left hind 
leg. Axi, auricular accession deflection; As, auricular regression deflection (T-wave) ; 
Vi, ventricular accession deflection (QRS); V2, ventricular regression deflection (T- 
wave); C, conal accession deflection. a@ was taken before the injection of atropine 
sulfate and b six minutes after 5 mg. were given into the lateral cutaneous vein. 


It has been customary in studying the effect of digitalis bodies to eliminate the 
influence of these substances on the vagus mechanism by a previous administration 
of atropine. In most of the experiments here described this procedure was omitted. 
In the first place, it is generally agreed that in frogs the vagus nerves play no 
role in the action of these drugs and, secondly, it was found that atropine in doses 
of 1.0 mg. per 100 gm. of frog produced marked distortion of the electrogram 
(Fig. 1). This effect upon the complexes (a widening) is neither similar nor in 
antithesis to the change produced by the glucosides. Smaller doses did not influence 
the effect of the glucosides, although they abolished completely the effect of large 


doses of acetylcholine. 


== 
A 
| Ag V2 
A, 
| 


THE AMERICAN HEART JOURNAL 


bo 


Fig. 2.—The effect of cymarin on the ventricular electrogram. The exploring 
electrode was on the ventricle, almost at the A-V groove. V2 is the ventricular re- 
gression deflection. a was taken before the administration of the drug. b was taken 
12 minutes after a dose of 0.03 mg. of cymarin per 100 gm. of frog was injected into 
the lateral cutaneous vein. c was taken 20 minutes after the injection. d was taken 
25 minutes after the first injection and 5 minutes after a second injection. e, f, g, h, 
and i, were taken 30, 34, 49, 56 and 66 minutes, respectively, after the first injection. 


RESULTS 


The first effect of eymarin on the ventricular electrogram (Fig. 2b) 
is inversion and increase in amplitude of the regression deflection (T) 
and shortening of electrical systole (Q-T). Later (Fig. 2c), an up- 
ward phase makes its appearance. Still later, the amplitude of the 
downward phase decreases rapidly until only the upward deflection 
remains. The duration of the regression process (T) steadily decreases, 
meanwhile, until (Fig. 24) it is almost as brief as QRS. The primary 
change brought about by eymarin is, therefore, shortening of the dura- 
tion of the T deflection, and consequently of electrical systole. As will 
be shown later, even the great inversion of T (Fig. 2b) can be explained 
as the result of shortening. Slight changes in amplitude oceur in the 
QRS, but its duration is little affected. 

To be certain that true shortening of electrical systole occurs under 
the influence of this drug, an area on the surface of the ventricle was 


a b c 
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Fig. 3.—The effect of cymarin on the monophasic response. a is an electrogram 
recorded from the central part of the ventricle 80 minutes after the injection of 0.03 
mg. of cymarin per 100 gm. of frog. The duration of electrical systole is greatly 
shortened. b is an electrogram taken from the same spot as @ after burning the area 
with a hot wire. The curve was taken about 10 minutes after a. 


burned after an unequivocal effect was produced with ecymarin, and a 
monophasic response recorded (Fig. 3b). The duration of electrical 
systole is essentially the same in the monophasic curve as in the re- 
sponse obtained before injury (Fig. 3a). Both are short. 

In order to ascertain if a similar effect is produced in auricular mus- 
ele, the exploring electrode was placed on the central part of the 
auricle. Since ventricular systole occurs before the auricular electro- 
eram is complete, heart block was produced by Stannius’ ligature. 


When auriculoventricular dissociation has been established, the ligature 


Fig. 4.—The effect of K-strophanthin-beta upon the auricular electrogram. The 
exploring electrode was at the center of the anterior surface of the auricles. Heart 
block was produced fifteen minutes after the drug was injected. Az is the auricular 
regression deflection. a is the first curve taken after heart block was produced, about 
18 minutes after the injection of the drug. Some shortening of electrical systole has 
already taken place. b, c, d, were taken 25, 35, and 45 minutes, respectively, after 
the injection. 


Me 
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may be released so that the foree of the auricular contractions and the 
occasional ventricular beats will cause the circulation to continue even 
though it is greatly slowed. The effect of the drug in this ease is 
similar, though perhaps less striking, to that produced on the ventricle 
(Fig. 4). In this ease the drug used was K-strophanthin-beta. Cymarin 
acts similarly. The illustrations have been picked purposely from ex- 
periments with different drugs in order to emphasize their close similar- 


ity. 
TABLE I 


DURATION OF _ 
REFRACTORY PERIOD 


DURATION OF 
ELECTRICAL SYSTOLE 


| 
(SECONDS) (SECONDS) 

Normal ventricle 1.15 _— 1.04 

Before cymarin 1.01 0.98 

After cymarin ig 0.69 0.48 
2 0.54 

3 0.37 0.21 

4 | 0.47 0.34 

5 | 0.53 | 0.42 

6 0.34 0.28 

8 0.45 0.35 

9 | 0.41 0.21 

10 0.40 | 0.22 


*Determination 1 was made about fifteen minutes after the administration of 
The interval between the other determinations was about ten minutes. 


cymarin. 
TABLE IT 
| ‘DURATION OF | DURATION OF 
ELECTRICAL SYSTOLE | REFRACTORY PERIOD 
(SECONDS) (SECONDS ) 
Auricle before cymarin 1 | 
2 0.78 0.61 
3 0.80 0.63 
Auricle after cymarin 1 0.24 0.21 
2 0.27 0.23 


It has long been thought that there is an association between the T 
deflection and the end of the refractory period (Mines,'® De Boer," 
Wilson and Hermann"). It seemed important to learn if this relation- 
ship persists when hearts are under the influence of these cardiae glu- 
cosides. The data in Table I indicate that it does. The first item is the 
average of a number of measurements of the duration of electrical sys- 
tole and of the refractory period in a normal ventricle. The remainder 
of the table gives the results obtained in a single experiment in which 
the durations of electrical systole and of the refractory period were ascer- 
tained from time to time after the administration of eymarin. The 
shortening of electrical systole by the drug is accompanied by a cor- 
responding shortening of the refractory period (Table I). In this ex- 
periment the shortening of the refractory period was much greater than 
that observed by Love‘ in the ventricle of a tortoise under the influence 


— 
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of strophanthin, but the greater effect depends probably on the use of 
a proportionately larger dose. In the case of both electrical systole and 
the refractory period, shortening is followed by slight lengthening and, 
in turn, by shortening. This cyclic variation was very often encoun- 
tered and frequently continued over quite long periods of time. Similar 
experiments on the auricle are more difficult to carry out, but the 
results are similar to those just described for the ventricle (Table IT). 
In general, it may be said that the effect of the strophanthin glucosides 
on both auricles and ventricles is to shorten electrical systole and the re- 
fractory period. 

Except for quantitative differences; the effects of the glucosides as- 
sayed (eymarin, K-strophanthin-beta, digitoxin, periplocymarin, and 
ouabain) were indistinguishable from each other. 


Fig. 5.—The effect of periplocymarin on conduction. The lead is from the larynx 
to the left hind leg. Ax, V1, Ci, are respectively the auricular, ventricular and conal 
accession deflections. a was taken before the administration of the drug. }b was taken 
2 minutes after 0.03 of periplocymarin per 100 gm. of frog. A-V and V-C intervals 
are slightly shortened. c was taken 10 minutes after injection. A-V and V-C intervals 
are lengthened. d was taken 50 minutes after injection; partial V-C block is present. 
e was taken 73 minutes after injection; both A-V and V-C block are present. 


In the later stages of their action, heart block was observed. The 
development first of ventriculoconal block and later of auriculoven- 
tricular block following the administration of periplocymarin is shown 
in Fig. 5. Sinoauricular block can also be observed late in an experi- 
ment after a large dose, but records showing this phenomenon are dif- 
ficult to obtain because of the small amplitude of the sinus electrogram. 
Cushny* noted the development of sinoauricular block following the 
development of auriculoventricular block, but ventriculoconal block 
seems not to have been reported previously. This orderly development 
of block, first between conus and ventricle, then between ventricle and 
auricles, and finally between auricles and sinus, is of interest because 


a b Cc 

A. Vs 
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it may be another example of the greater vulnerability of structures 
which develop later phylogenetically. 

Occasionally rhythms suggesting auricular flutter or fibrillation oc- 
curred, especially when K-strophanthin-beta was given. These occurred 
at a time when the refractory period was short. Furthermore, in the 
process of studying the refractory period, multiple responses were often 
obtained to single early stimuli when the refractory period had been 
shortened by the administration of one of the drugs. This phenomenon 
was not observed in the normal heart. 


DISCUSSION 


In 1913, Clark and Mines," in a preliminary communication, reported 
that they had found a reduction in the duration of electrical systole 
and of the refractory period of the perfused frog’s ventricle on the 
administration of strophanthin (probably on account of Mines’ un- 
timely death a fuller account of these observations was not published). 
Nevertheless, since then little importance has been attached to the dura- 
tion of electrical systole. Recently, however, studies have appeared 
which indicate that in certain clinical conditions it is appreciably al- 
tered. Prolongation of the interval has been observed by White and 
Mudd” and Barker, Johnston, and Wilson’® in conditions in which the 
caleium content of the blood is low. The opposite effect has been noticed 
by Cheer and Dieuaide,’*’ who have demonstrated, by taking careful 
account of the variations in heart rate, a small but definite decrease in 
the Q-T interval following the administration of therapeutic doses of 
digitalis. Their results have recently been confirmed by Larsen, Neu- 
kireh, and Nielsen.’* Observations on the refractory period of cardiac 
muscle under the influence of drugs are also not very numerous. It 
was originally held by Lewis and his collaborators that the refractory 
period of cardiac muscle was prolonged by strophanthin. Their observa- 
tions were made on dogs whose vagi had been inactivated by atropine. 
Later, Drury and Love® and Love* showed that in hearts under the in- 
fluence of veratrine, quinidine, or strophanthin, a stimulus falling just 
after the end of the absolutely refractory period gives rise to a response 
which may be conducted decrementally and consequently may not be 
detectable at a distance from its point of origin. Consequently, refrac- 
tory periods ascertained by the use of older methods which judged the 
end of the refractory state by the first response that spread widely, 
rather than the first produced, may have been too long. Love* found 
that strophanthin actually shortened the refractory period of the ven- 
tricle of the tortoise. Lewis and Drury’® have admitted the validity of 
this criticism of their earlier work, but maintain that what they had 
originally obtained was the ‘‘effective refractory period,’’ and that this, 
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rather than the true refractory period, was germane to their observa- 
tions on the effect of quinidine and strophanthin on circus movement. 

From the data of the experiments reported here it is impossible to 
ascertain whether conduction with a decrement occurred. A single 
direct lead was usually taken in the manner described. There was al- 
ways a slight deformity of the electrograms caused by the stimulus when 
it fell at any time during the inscription of the curve. When a response 
was elicited a very definite modification of this artifact occurred, and a 
wave easily identified as T was apparent. T-waves under these cirecum- 
stances furnish an unequivocal criterion of a response. Usually, when 
the heart was under the influence of the drugs an early response was 
followed, furthermore, by a paroxysm of fibrillation which could not, 
of course, fail to be detectable even at a distance from the point stim- 
ulated. Whether the early responses not accompanied by fibrillation 
would have been detectable in an indirect lead cannot be stated with 
certainty, for such a lead was not taken. These responses were large 
in the direct lead, but deflections in such a lead are, of course, largely 
produced by muscle very close to the exploring electrode. It is also 
possible, since early responses are smaller than later ones, that very 
early responses are so small that they are concealed by the stimulus 
artifact. While it seems probable that the changes in the refractory 
period here observed were gross enough to have been detected by any 
method, the question whether the early responses were conducted decre- 
mentally cannot be determined definitely from these experiments. 

In a general way, the observations now recorded are in harmony with 
reports in the existing literature, although a true estimation of the value 
of these various results in establishing a generally accepted conception 
is difficult because the experiments have been performed on such a wide 
variety of subjects, from frogs to man. 

Larsen, Neukirch, and Nielsen" refer to the experiments of Wiggers and 
Stimson,”° in which it was shown that digitalis and strophanthin shorten 
the isometric contraction and ejection phases when these are ascertained 
from curves of intraventricular and aortic pressures, as corroborating their 
own observation that these drugs shorten electrical systole. It is inad- 
visable to place too much stress upon this point, however, for knowledge 
of the relationship between mechanical and electrical responses of heart 
muscle is incomplete. While a close relationship undoubtedly exists be- 
tween the beginning of the two responses, their ends have not been 
shown to coincide. It is perhaps more correct to surmise that Wiggers’ 
results, taken in conjunction with the observations that electrical systole 
shortens under the influence of drugs of the digitalis group, indicate 
that mechanical and electrical systole under these circumstances vary 
in the same direction. This is an important relationship and more 
direct proof of its validity is highly desirable. That mechanical and 
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electrical systole do not always vary in the same way is indicated by 
the finding of Barker, Johnston, and Wilson'’® that the marked increase 
in duration of electrical systole resulting from hypocalcemia is not ac- 
companied by an increase in length of mechanical systole. Of the three 
entities, mechanical systole, electrical systole, and refractory period, the 
third appears to be closely linked to the second. The first may also be 
related to the second, but further evidence is necessary to establish to 
what extent and under what circumstances this correspondence can be 
relied upon. 

It is the effect of these drugs on mechanical systole that is important 
to learn in order to decide whether benefit results from their adminis- 
tration apart from slowing the heart rate. The alteration of the refrac- 
tory period is probably responsible for their well-known tendency to 
oceasion auricular fibrillation and, in toxie doses, ventricular ectopic 
rhythms. It may also play a role in slowing the ventricular rate in 
auricular fibrillation. Changes in duration of electrical systole are im- 
portant principally in so far as they may be used to measure alterations 
in one or the other of the properties just mentioned (mechanical systole 
or refractory period). They also may serve as a useful indication that 
the drug has had an effect. 

Further, can the shortening of electrical systole which these drugs 
produce account for the changes in form (reduction in height or in- 
version of the T-wave) that have been observed by Cohn, Fraser, and 
Jamieson’ and subsequent observers? It is possible that it can. The 
duration of activity differs, as is already known, in different parts of 
the heart. If it is shortened, it is not likely to be decreased precisely 
to the same extent in every region; for instance, it might be shortened 
most in muscle fibers in which it was initially longest. If this occurred, 
the order in which various regions pass out of the active state, and con- 
sequently the form of the T-wave, would be changed. The following 
explanation, which accounts for the change in form of the T-wave be- 
tween Fig. 2a and Fig. 2b, will make this point clearer. 

Before the administration of the drug, Fig. 6A may represent sche- 
matically the state of affairs. The muscle at the base of the ventricle 
upon which the electrode rests is the last to pass out of the active state, 
and the boundary between active and resting muscle is retreating to- 
ward P. Consequently, P is negative, but the boundary eventually 
passes under P, and now, since the positive side of the boundary is 
nearer P, this in turn. becomes positive. The state of positivity is brief, 
for P is near the A-V boundary. If, now, a drug is given which shortens 
the duration of electrical systole and affects the muscle at the base ahead 
of the muscle elsewhere (possibly because it is thinner), the muscle at 
the base will pass out of the active state first, and Fig. 6B will represent 
the situation. The boundary will be retreating from P and conse- 
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quently render it positive throughout the period of regression. This 
explanation is intended to show only that shortening of electrical systole 
ean change the form of the T-wave. Further investigation is necessary 
before it can be stated that the changes observed in electrocardiograms 
of patients treated with digitalis actually are produced in this way. 


B 


Fig. 6.—Diagram of frog’s heart to show change in course of the regression process 
resulting from local shortening in the duration of electrical systole. P is the point 
on which the electrode rests. The shaded region is the active muscle. 


Finally, the close association between the duration of electrical systole 
and the length of the refractory period confirms the concept of Mac- 
leod® that the T-wave is produced by the recovery process. If this is 
true, the chief effect of these drugs is to hasten recovery. Recovery may 
not be so complete, however, as in the normal heart, for the QRS deflec- 
tion is usually reduced in amplitude. This may be caused by a reduc- 
tion in the potential difference between active and resting muscle, which 
in turn may indicate a reduction in the difference in their chemical and 
physical constitution. 

SUMMARY 


Certain glucosides of the digitalis group have been found to reduce 
the duration of electrical systole (Q-T) of both the auricles and ven- 
tricle of the frog. The refractory period is shortened pari passu with 
this reduction of electrical systole. It was not possible to bring out any 
differences in the mode of action of the various glucosides tested by the 


methods used. 
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THE EFFECT OF ACETYL-BETA-METHYLCHOLINE ON 
THE FROG’S HEART 


A. E. Coun, M.D., anp A. G. Macirop, M.D. 
NEw York, N. Y. 


HE vagomimetie character of acetylcholine and closely related com- 
pounds has been demonstrated many times on many structures. In 
the heart the effect of vagus stimulation is quite complex. Gaskell’ 
pointed out four aspects of the effect to which Engelmann? has given 
names: first, a reduction of heart rate (chronotropic); second, a dimi- 
nution in the strength of contraction (inotropic); third, a decrease in 
the speed of impulse conduction (dromotropic); fourth, a decrease in 
excitability to direct stimulation (bathmotropic). To these must be 
added two other effects, a diminution in the duration of the excited state 
as evidenced by a reduction in the duration of the electrical response, de- 
scribed by Mines,* and the production of aberrant auricular rhythms, 
described by Lewis‘ and Robinson.° 
In the study of acetylcholine and its relatives only chronotropic and 
inotropic effects have received much attention. The dromotropic effect 
has often been observed but has not proved a useful eriterion of the 
action either of the vagi or of acetylcholine. The bathmotropic effect 
seems to be confined to the frog’s heart and has not been much studied. 
Reduction in the duration of the electrical response and the production 
of ectopic rhythms, although highly characteristic of vagus stimulation, 
have scarcely been studied at all in connection with the action of acetyl- 
choline and its relatives. It is important, however, to know if the 
cholines produce these effects, particularly if the drugs are to be given 
clinically. Goldenberg and Rothberger® have shown that large doses of 
acetylcholine produce something akin to auricular fibrillation in mam- 
mals. Abnormal rhythms may, therefore, oceur in patients. While 
intense vagus stimulation is required to induce aberrant rhythms, Fred- 
erieq’ has recently shown that a single shock to the right vagus nerve 
of the turtle will cause shortening of electrical systole in the auricle 
for several cardiae cycles. If the cholines also produce this change it 
is possible that the cardiae effect of the drugs can be observed and 
analyzed electrocardiographically. 


METHOD 


The experiments to be reported here were all performed on the Louisiana bull- 
frog (Rana catesbiana) at room temperature. The preparation and method of ob- 
taining electrograms were similar to those described by Macleod’ in his study of 
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the strophanthin glucosides. The heart was exposed and a unipolar direct lead 
taken from either auricle or ventricle simultaneously with a cephalocaudal lead. The 
method used for measuring the refractory period has also been described.8 The 
test stimulus was applied to the point from which the direct lead was derived. 

The drugs were dissolved in Howell’s solution and injected into the lateral 
cutaneous vein. Acetyl-beta-methylcholine (mecholyl) was used in a concentra- 
tion of 0.01 mg. per cubic centimeter. As a rule, 0.1 ¢.c. of this solution was 
sufficient to bring on a marked effect in a large frog (300 to 400 gm.). The atropine 
solution used contained 1.0 mg. per cubic centimeter. One-tenth cubic centimeter 
of this solution would abolish the effect of acetyl-beta-methycholine in the amounts 
used for a period of approximately three hours. By itself, this amount of atropine 
had no effect on the electrogram. 


Fig. 1.—Electrograms from frog’s auricle. The exploring electrode was near the 
center of the anterior surface, but closer to the A-V than to the S-A junction. 

a is the control before giving the drugs. A: is the auricular accession deflection. 
Az is the final part of the auricular regression deflection. Before it is quite com- 
plete, V1, the ventricular accession deflection, occurs. V2 is the final part of ventricular 
regression deflection. C is the conal accession deflection. The conal regression defiec- 
tion is combined with Ve. la is the duration of the electrical response (electrical 
systole) in the auricle. ly is the duration of electrical systole in the ventricle. 

b is about one minute after giving 0.1 c.c. of acetyl-beta-methylcholine solution 
(0.01 mg./c.c.) intravenously. 

c shows a spontaneous auricular extrasystole A’ during height of the drug’s action. 

d shows spontaneous auricular fibrillation, Ai Az the last regular auricular complex. 
A’ § are aberrant complexes. 

e shows the return to the original state after administration of 0.01 c.c. of atropine 
solution (1 c.c. = 10 mg.). 


CURVE 1a SEC. lv SEC. A-V_ INTERVAL A-C INTERVAL 
a 0.52 0.72 0.52 0.50 
b 0.37 0.58 0.66 0.66 
ce 0.50 0.75 0.52 0.52 
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RESULTS 


Following the injection of 0.1 ¢.c. of acetyl-beta-methylcholine solution 
the effect comes on quickly, often before the needle can be withdrawn. 
In some eases complete diastolic standstill occurs for a minute or more, 
in others merely marked bradyeardia. With larger doses, periods of 
asystole of much greater length can be obtained. When an ectopic 
rhythm develops it usually occurs shortly after the period of most 
marked slowing. It is as a rule quite transient, but occasionally lasts 
for a considerable period of time (until the effect of the drug subsides). 
The maximum effect of the drug usually oceurs within two minutes, and 
it passes off quite completely in about. twenty minutes. Sinoauricular 
block often oceurs but auriculoventricular block is seldom seen. 

None of the electrograms showed dropped beats, but there was fre- 
quently moderate prolongation of the auriculoventricular and ventricu- 
loconal intervals (Fig. 1b). In this respect acetyl-beta-methylcholine 
does not accurately imitate vagus stimulation, for stimulation strong 
enough to produce as marked sinus slowing as the drug produces would 
certainly cause a much higher degree of auriculoventricular block. 

The most striking effect of the drug on the electrogram is shortening 
of the duration of the electrical process in each of the chambers. Some 
change in shape of the accession* deflection is usually seen, but the 
deflection is not shortened. The shortening of the electrical response 
is brought about entirely by the decreased duration of the regression 
(V2 or T) deflection. 

The course of events in a typical experiment in which the exploring 
electrode was on the anterior surface of the auricle, near the center but 
somewhat closer to the auriculoventricular junction than to the sino- 
auricular, will illustrate these changes (Fig. 1). Auriecular (Fig. 1a, 
A, and A,), ventricular (V, and V2), and conal (C) complexes can be 
made out. The drug was administered between the time of taking Fig. 
la and Fig. 1b, and the administration was followed immediately by a 
period of asystole. Because of this period it is impossible to follow the 
early changes in the regression process, for the drug has meanwhile had 
time to exert its full effect, so that when spontaneous contraction is 
resumed the change in form of the curve is already fully developed. 

The auricular accession deflection (Fig. 1b, A,) is somewhat changed 
in form and may be slightly increased in duration, but since its final 

*The frog’s electrogram is the composite cf the electrograms of each of its four 
chambers, sinus, auricle, ventricle, and conus, which beat seriatim. Of these only the 
sinus produces effects too small to be detected in the records. The electrogram of each 
chamber consists, furthermore, of two parts, a rapid deflection accompanying the ac- 
cession of activity (the QRS of the human electrocardiogram) and a slower one ac- 
companying regression of activity (T-wave). In a curve of such complexity the usual 
electrocardiographic method of naming the parts of the curve is entirely inadequate. 
In this paper, the terms accession and regression deflection will be used for the rapid 


and slow deflections, respectively, and will be modified by an adjective denoting their 
origin. This method of naming the parts of the curve was suggested by Macleod,® 
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portion is combined with the initial part of the regression deflection it 
cannot be accurately measured. This combination of the two deflections 
also contributes to the change in shape of the accession deflection. The 
regression deflection (A,) is greatly reduced in duration and increased 
in amplitude. This change is similar to that observed by Macleod’® 
under the influence of heat. 

In the ease of the ventricle the accession deflection is decreased in 
size but is approximately of the same duration. But the terminal por- 
tion of the regression deflection (V2) moves from a position to the right 
of the conus deflection (C) to a position between V,; and C, and in- 
creases conspicuously in amplitude. 

The conus complex is too small to be analyzed in these curves. Its 
regression deflection in this case cannot be made out. Under favorable 
conditions the complete complex can be seen, but the regression deflec- 
tion is usually combined with the final part of the ventricular regres- 
sion deflection or with the succeeding auricular complex. The effect of 
the drug on the conus seems, however, to be similar to its effect on the 
other chambers. 

Auricular extrasystoles develop (Fig. 1c) and short periods of impure 
flutter or fibrillation (Fig. 1d). All of these phenomena are transient. 
The curve returns to its original form promptly on the administration 
of atropine (Fig. le). 

It is sometimes possible to observe the changes in form of the curves 
as the effect of the drug progresses. In an experiment in which heart 
block had been produced by Stannius’s ligature so that the auricular 
complex could be seen undistorted, the accession deflection (Fig. 2b, 
following the administration changed little except to decrease some- 
what in size. The regression deflection at first becomes large and di- 
phasic (Fig. 2b). Then, while retaining its diphasie character, it 
decreases in duration (Fig. 2c, d, e). In returning to its normal form 
as the effect of the drug wears off the curve does not follow a simple 
reverse course, but its final form is similar to the control. 

In the ease of the ventricular complex the principal change in the 
early stages of the action of the drug is as a rule marked inversion of 
the regression process with great increase in amplitude (Fig. 3c). The 
early ventricular effects are not so constant as in the auricle, probably 
because of the more complicated way in which the impulse spreads over 
this chamber. The regression deflection almost always increases in mag- 
nitude but is sometimes upright instead of inverted (Fig. 1). 

The shortening of the duration of electrical systole suggests that the 
refractory period may be similarly shortened. Very accurate measure- 
ments are impossible when the effect of the drug is, as in this ease, 


COHN AND MACLEOD: ACETYL-BETA-METHYLCHOLINE IN FROG’S HEART 309 


transient, and the duration of electrical systole is almost constantly 
changing. By repeated trials it was possible, however, to obtain satis- 
factory estimates. Two experiments, one on an auricle and one on a 
ventricle, are summarized in Fig. 4. The duration of the refractory 
period shortens pari passu with that of electrical systole, but is always 
somewhat shorter. 

In the process of ascertaining the length of the refractory period an 
early stimulus often gave rise to multiple responses or to paroxysms of 
fibrillation or flutter (Fig. 5a and b). Such responses rarely occurred 
in normal hearts but were almost universal when hearts were under the 


Fig. 2.—Electrograms from the center of the anterior surface of the frog’s auricle 


after auriculoventricular heart block was produced by Stannius’ ligature. The auric- 
ular complexes are seen by themselves. 


a, before administering any drug la = 0.59 second 
b, 30 seconds after 0.1 cc. of acetyl-beta-methylcholine solution 

(0.01 mg./c.c.) intravenously lah = 0.53 second 
ce, 1% minutes after injection intravenously la == 0.47 second 
d, 2% minutes after injection intravenously la = 0.46 second 
e, 15 minutes after injection intravenously l,4 = 0.41 second 
f, 18 minutes after acetyl-beta-methylcholine and 30 seconds after 0.2 

c.c. of atropine solution (1.0 mg./c.c.) la = 0.64 second 


9, 5 minutes after atropine injection la = 0.61 second 


b c 

d f 
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influence of acetyl-beta-methyleholine. Aberrant rhythms frequently 
occurred spontaneously in auricles (Fig. 1d) while they were under the 
influence of the drug, but were observed in ventricles only following an 
early stimulus (Fig. 5b). 


| 


Fig. 3.—Electrograms from center of anterior surface of frog’s auricle similar to 
those in Fig. 1, but showing more typical changes in the ventricular regression deflec- 
tion V2, but very slight change in conduction time. 0.2 e¢.c. of acetyl-beta-methyl- 
choline solution (0.01 mg./c.c.) was injected intravenously between a and b. The 
letters denote the same entities as in the previous figure. 


CURVE la SEC. ly SEC. A-V INTERVAL | A-C INTERVAL 
a. control 0.69 1.00 0.53 0.56 
b. 9 seconds after injection 0.66 1.00 0.58 0.56 
ec. 16 seconds after injection 0.63 0.95 0.58 0.58 
d. 24 seconds after injection 0.61 0.81 0.61 0.58 
e. 61 seconds after injection | 0.40 0.40 0.61 0.60 


A few experiments were performed with acetylcholine instead of 
acetyl-beta-methyleholine. The results were identical except that a 
larger dose was required to produce the same effect. 


DISCUSSION 


Mines™ described experiments on the effect of muscarine on frogs’ 
hearts. He found that the duration of electrical systole and the force 
of ventricular contraction were reduced, but that auriculoventricular 
conduction was little changed. Because of the close relationship be- 
tween musearine, acetylcholine, and acetyl-beta-methylcholine, Mines’s 
results and those reported in this paper may be considered corrobora- 
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Fig. 4.—a, Graph of the effect of injecting 0.1 c.c. of acetyl-beta-methylcholine 
solution (0.01 mg./c.c.) intravenously. on the duration of the electrical response and 
the refractory period of the frog’s ventricle. Curve A is the effect on the duration of 
the electrical response, and curve B the effect on the refractory period (the dotted 
portion of the curve is hypothetical). 

Ordinates are the duration of the process in seconds. 

Abscissas are the times after injection in minutes. 

b, The effect of injecting 0.15 c.c. of acetyl-beta-methylcholine on the auricle. 
Curve A is the duration of the electrical response and curve B the length of the 
refractory period. 
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tory. Mines noticed that musearine did not occasion heart block. This 
observation has interest because this is the outstanding regard in which 
acetyl-beta-methyleholine fails to imitate vagus stimulation. As is well 
known, stimulating the vagi almost invariably produces prolongation 
of the auriculoventricular interval and, indeed, frequently causes partial 
or complete dissociation. But in none of the experiments of the present 
study was there ever more than a slight increase in the time of auriculo- 
ventricular conduction. The failure of these drugs (cholines) to be 
vagomimetic in this respect when given intravenously may depend on 
anatomic peculiarities of the frog’s heart. Except the conus, no part 
of the frog’s heart, as Grant and Regnier’? have shown, is supplied with 
arteries; following injection into the blood stream, therefore, the drug 
reaches the myocardium by simple diffusion. Since the auriculoventricu- 
lar bundle is embedded in tissue and is therefore removed from immedi- 
ate contact with the blood stream, it is not directly reached by drugs. 
The sinus, on the other hand, is a thin structure not much covered over, 
so that it is very quickly acted on and exhibits the earliest effect of the 
drug in the form of sinus brachyeardia or asystole. It is possible that 
the failure of these drugs to produce heart block is caused, therefore, 
not by their inability to affect the auriculoventricular tissue, but by their 
failure to reach it. ‘ 

Heat, increase in rate of stimulation, and the drugs of the digitalis 
group® are also capable of shortening electrical systole and in some in- 
stances of producing aberrant rhythms. Since so many physiologic 
functions’ have already been ascribed to acetylcholine, the question 
arises: Do any or all of these agencies act through the instrumentality 
of this substance? In the case of heat it is unlikely that shortening of 
the regression process is anything other than acceleration of the chemical 
reactions which bring about recovery. The progressive decrease in the 
duration of electrical systole and the refractory period with increase 
in the rate of stimulation is an interesting phenomenon for which no 
satisfactory explanation has been offered. The phenomenon in many 
ways resembles the effect of acetylcholine, but differs from it in that it 
is not abolished or opposed by atropine. The shortening caused by the 
digitalis drugs is also not antagonized by atropine. Acetylcholine or a 
closely related compound does not therefore seem to play a role in any of 
these phenomena. 

In most of the experiments in this study the electrodes were arranged 
to record the events in both auricle and ventricle, and to bring out their 
time relationships rather than the form of the auricular electrogram. 
Curves such as those in Fig. 2 can, however, be compared fairly with 
those reported by Macleod’? in his study of the form of the electrogram 
and its relation to the fundamental processes in cardiac muscle. The 
course of events in this experiment resembles that which he observed on 
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the application of heat, but there are certain irregularities which require 
explanation. Particularly noticeable is the regression deflection of 
Fig. 2f, which may have been expected to’ resemble Fig. 2b but, instead, 
is almost monophasic. In attempting an explanation of this divergence 
from the expected form it is necessary to recall the conditions which 
must be fulfilled in order to obtain electrograms which correspond to 
Macleod’s theoretic curves. In constructing these hypothetic curves only 
the existence of a narrow strip of muscle was assumed, with the excita- 
tion process travelling from one end towards the other. The curves 
obtained from a narrow strip resemble those from a wide one (the 
auricle) only if the duration of systole is the same for every muscle 
element and the speed with which the process travels is uniform through- 
out the muscle, If the duration of the excited state differs in different 
regions the curve may be greatly distorted. That the effect of the drug 
might persist much longer in some muscle elements than in others is 
easily possible, and would account for the failure of the curves to corre- 
spond to theoretic ones. It is in the transitional states during which 
the effect of the drug is increasing or decreasing that the most aberrant 
curves would occur. In a thin structure like the auricle, which is bathed 
uniformly with blood over one entire surface, absorption may be uni- 
form, but the decay of the action depending on a number of factors 
would searcely be the same for all regions. 

The tendency of mecholyl to usher in fibrillation or flutter is the re- 
sult of its effect upon the refractory period. Since Lewis* has discussed 
this relationship (the reduction of the refractory period and the oe- 
currence of aberrant rhythms) at length, it need not be repeated here. 

If the chief effect of acetyl-beta-methylcholine resembles that of the 
digitalis glucosides (a shortening of electrical systole), the two drugs 
may be expected to produce similar effects upon the human electro- 
cardiogram. Page,'* in his report on its clinical effects, illustrated the 
electrocardiographie changes. In the case of the subject whose curves 
are illustrated the electrocardiogram was normal before the drug was 
given but, during the height of the action, inverted T-waves, similar to 
those which digitalis produces, developed. The effect was, of course, 
transient, and the curve quickly returned to normal. 


SUMMARY 


Acetyl-beta-methyleholine shortens the duration of electrical systole 
and the refractory period in the frog’s heart. In consequence, it may 
induce aberrant rhythms. These effects are abolished by atropine. Its 
failure to produce heart block is strange, but this can be explained on 
the basis of anatomic peculiarities of the frog’s heart. It is probable 
that similar effects produced by frequent stimulation and the digitalis 
glucosides are not mediated by acetylcholine. Like the digitalis drugs, 
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and probably by a similar mechanism, mecholyl causes inversion of the 
T-wave of the human electrocardiogram. 
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THE TREATMENT OF DEEP THROMBOPHLEBITIS AND 
CHRONIC LEG ULCERS WITH ACETYL-BETA-METHYL- 
CHOLINE CHLORIDE IONTOPHORESIS 


Raymonp A. Soxo.oyv, M.D., anp Maurice P. Meyers, M.D. 


Detroit, Micu. 


was shown by Dale’ to be the chemical substance 
released upon stimulation of the parasympathetic nerve endings. 
This substance proved too unstable to be of therapeutic value. Major 
and Cline? prepared a more stable compound, acetyl-beta-methy|lcholine 
chloride (mecholyl); the latter has an action similar to acetylcholine 
and can be administered orally, subeutaneously, and by iontophoresis. 
The action of the drug on parasympathetic nerve endings was utilized 
in patients in whom it was desirable to cause peripheral vasodilatation. 
To ensure a concentrated local effect and to avoid undesirable general 
effects of the drug,’ Kovacs* attempted to use this agent by ionization 
through the unbroken skin. He found the treatment to be of value 
in chronie arthritis, especially in the rheumatoid type, and also in 
peripheral vascular disease in which spasm was an important factor. 
Employing the same technique, Saylor, Kovacs, Duryee, and Wright’° 
found the treatment to be effective in the healing of chronic varicose 
ulcers. In attempting to reproduce these results in treating chronic 
ulcers in this eclinie it was noted that in cases in which there was a co- 
existing deep thrombophlebitis iontophoresis caused improvement in the 
symptoms of the latter condition as well as healing of the ulcers. This 
led to the use of acetyl-beta-methylcholine chloride* iontophoresis in 
cases of deep thrombophlebitis without uleers. While this work was in 
progress Murphy® reported favorable results with similar treatment in 
a series of thirty-three cases of thrombophlebitis, though he did not dis- 
tinguish between superficial and deep thrombophlebitis. 

In this study are included nineteen eases of thrombophlebitis of deep 
veins and thirteen cases of chronic leg ulcers of various etiology. Some 
of the patients were from the outpatient department, while others were 
private patients referred to the peripheral vascular department of the 
hospital. The great majority, by far, were ambulatory. 

The technique of the treatment was essentially the same as that of Kovacs (for 
a detailed description of.it the reader is referred to his article). It was found that 


a 0.1 per cent solution of acetyl-beta-methylcholine chloride was as effective as the 
higher concentrations previously recommended. The individual treatments were as 
From the Peripheral Vascular Clinics of Harper Hospital and the North End Clinic, 


Detroit, Michigan. 
*The acetyl-beta-methylcholine chloride (Mecholyl) used in this study was kindly 


supplied by Merck and Company of Rahway, N. J. 
Received for publication Aug. 15, 1938. 
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a rule of forty-five minutes’ duration. The first six to ten treatments were given 
at daily intervals. These were subsequently reduced to two to three weekly, as im- 
provement permitted. 

No untoward general effects from the treatment were observed in this group of 
cases. The side effects noted were the same as those reported by others, namely, 
local diaphoresis, flushing, salivation, and occasionally increased intestinal peristalsis. 
Two patients unfortunately sustained small eschars of the legs following iontophore- 
sis therapy. The-difficulty was traced to a faulty galvanic machine. After abandon- 
ing the use of that particular machine, this problem was not again encountered. The 


eschars responded well to simple measures, 
THROMBOPHLEBITIS OF DEEP VEINS 


In this study eases of superficial phlebitis or phlebitis of varicose 
veins have not been included. Individual episodes of superficial phle- 
bitis tend to be self-limited and do not constitute as formidable a thera- 
peutic problem as do the chronic lymphedemas secondary to deep throm- 
bophlebitis. We are concerned here with the nonsuppurative post- 
operative or postparturient phlebitis, known under the various names 
of milk leg, phlegmasia alba dolens, or postphlebitic edema. This lesion 
usually is seen following abdominal operations or septic deliveries, 
though it may occur after trauma, septicemia, and generalized infee- 
tions; moreover, cases of so-called idiopathic thrombophlebitis have been 
reported.’ In one ease in this present group the phlebitis followed a 
severe burn of the leg. 

The onset of the condition is frequently announced by a rise in pulse 
rate and temperature, often with chill. The patient may complain of 
pain or stiffness in the leg or behind the knee, or difficulty in moving 
the leg. Shortly afterward the limb begins to swell. In the milder 
sases the swelling may disappear in a short time; in the more severe 
‘ases the swelling persists for several months and may become perma- 
nent. In these more unfavorable cases the skin becomes thickened, in- 
filtrated, and brownly pigmented; the leg becomes heavy, painful, and 
practically useless. Later sequelae take the form of dermatoses, in- 
durations, and ulcerations, which add materially to the distress of the 
patient. 

Two opposing explanations have been offered as to the cause of this 
postphlebitie edema: One stresses interference with venous return,® the 
other attributes the edema to lymph stasis resulting from concomitant 
involvement of the lymph channels with the perivenous inflammatory 
reaction.? Whichever of these may be the correct interpretation, there 
are certain factors which are known to favor the formation of thrombi. 
Chief among these is slowing of the rate of blood flow, which ean be a 
consequence of surgical anesthesia, prolonged inactivity during con- 
valescence, advanced age, and perhaps hypothyroidism. Other factors 
are change in blood volume due to dehydration and hemorrhage, presence 
of infection or febrile reaction, trauma, and possibly some not well un- 
derstood changes in blood coagulation factors and in blood chemistry. 
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The greater frequency of involvement of the left side has been explained 
on the basis of anatomic variations of the iliac veins on the two sides; 
the left common iliac vein is longer and more oblique than the right and 
is pressed upon by the right common iliae artery and by the adjacent 
portion of the colon, all of which favor venous stasis. 

The treatment of postphlebitic edema has until very recently been far 
from satisfactory. Elastic supports, massage, heat, and light are thera- 
peutic gestures and nothing more, in many eases. The Kondoleon opera- 
tion is a formidable procedure. Extract of leeches has been advocated 
in this condition, but little is yet known of its value.*° The use of 
acetyl-beta-methyleholine chloride iontophoresis in deep thrombophle- 
bitis seemed to be a more satisfactory method of treatment than others 
previously suggested. 

Nineteen patients with thrombophlebitis of deep veins have been 
treated by this method; the results are recorded in Table I. The short- 
est duration of the disease among the patients treated was eight days, 
the longest thirty-two years. Three patients were treated while they 
were still in the hospital recovering from their respective operations; 
these patients whose phlebitis was subacute were kept at rest in bed 
until improvement was well advanced. The remaining patients, who 
came to us after the condition had been present for several months or 
more, were easily managed while they were ambulatory. Of this latter 
group it was necessary to hospitalize only one individual; he lived a 
long distance from the clinic and found it difficult to come back and 
forth for treatment. 

Improvement was noted in eighteen of the nineteen cases. The 
majority of the patients were able to return to full-time work, some 
at hard manual labor. Others were only partially rehabilitated. In one 
patient pain and disability, which had been present for thirty years, 
completely disappeared. Many of the patients had had various other 
forms of treatment over a period of years without relief. 

Most marked improvement was noted in instances in which the dis- 
ease was of not too long standing. When the disease had been present 
for a number of years improvement was slow and less dramatic. It is 
advisable to warn the patient that improvement may not manifest itself 
until several treatments have been given, else he may become discouraged 
and cease reporting for further therapy. It is not unusual, especially 
in the cases of old chronic phlebitis, to see no alteration in the disease 
process until a considerable period of time has elapsed, and then sud- 
denly to observe beneficial changes taking place. In fresh postoperative 
eases the results were at times quite dramatic. 

Criteria of improvement were (1) diminution in the size of the limb 
as determined by measurements taken circumferentially at the level of 
the largest diameter of the calf and at the level of the malleoli; (2) im- 
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provement in ability to walk and stand; (3) ability to resume previously 
impossible occupations or tasks; (4) freedom or relief of subjective 
symptoms such as pain, heaviness of the legs, or ‘‘stiffness’’ of the legs. 
In Table I the results are recorded in greater detail. The degree of 
disability in each case was graded + to ++++. Grade + signified swell- 
ing without discomfort, ++ swelling plus mild disability, +++ extensive 
edema plus severe disability, +++-+ total disability and confinement to 
bed. The relative amount of improvement was likewise graded, ranging 
from +, which represented slight improvement, to +++ +, which signified 
complete cure. 

There are many victims of deep thrombophlebitis suffering from vary- 
ing degrees of disability. As a rule these people are resigned to their 
fate, after having submitted themselves to a number of therapeutic 
efforts over a period of years without result. With the introduction 
of iontophoresis therapy with acetyl-beta-methylcholine chloride a good 
percentage of the people treated have had relief of distress and decrease 
in swelling of the affected limbs. They have been able to resume previ- 
ous occupations or household tasks which they had given up because of 
their illness. 

CHRONIC LEG ULCERS 

Saylor and his co-workers observed good results in the treatment of 
chronie varicose ulcers following the use of acetyl-beta-methylcholine 
chloride iontophoresis.° In this study the same method was used in the 
treatment of varicose ulcers and also for ulcers of other etiology. The 
results are recorded in Table II. In several cases the etiology was in- 
definite or possibly multiple; in at least four instances there was an 
underlying peripheral arterial deficiency. Two were pyogenic ulcers, 
three were varicose ulcers. It was found in this small group that the 
treatment was apparently as effective in healing leg ulcers of other than 
varicose vein etiology as it was in the treatment of varicose ulcers. In 
many instances the patients had had previous therapy of various sorts 
without improvement. In general, no other form of treatment was used 
concurrently with the administration of the iontophoresis. There were 
some exceptions. One patient, who had cardiac failure with peripheral 
edema, was kept completely at rest in bed and given appropriate 
therapy. In three cases, in which the ulcer was associated with an 
abundant purulent discharge, urea crystals were applied locally until the 
exudation ceased. 

One precaution which is observed in treating open skin lesions by the 
method of iontophoresis is that the ulcerated area itself is covered with 
a thin piece of rubber sheeting. If this is neglected there is likely to be 
concentration of the current at the point of ulceration, which may cause 
pain and further tissue destruction. 
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TABLE 


DEEP THROMBOPHLEBITIS TREATED 


PATIENT 


LESION 


DURATION 


DISABILITY 


ETIOLOGY 


Ss. W. 


Chronie thrombo- 
phlebitis (deep), 
left leg. 


6 years 


G. G. 


Chronic thrombo- 
phlebitis (deep), 
bilateral. 


9 years 


+++ 


Cholecystostomy 


Pelvic operation 


G. D. 


56 F 


Subacute thrombo- 
phlebitis (deep), 
left leg. 


8 days 


60 F 


Chronic thrombo- 
phlebitis (deep), 
bilateral. 


32 years 


Subacute thrombo- 
phlebitis (deep), 
left leg. 


1 month | 


Subacute thrombo- 
phlebitis (deep), 
left leg. 


6 months 


Chronie thrombo- 
phlebitis (deep), 
left leg. 


30 years 


Chronic thrombo- 
phlebitis 
(deep), right leg. 


> 


3 years 


65 M 


Subacute thrombo- 
phlebitis (deep), 
right leg. 


3 months 


Cholecystectomy 


Herniorrhaphy 


Childbirth 


+++ 


++ 


+++ 


Ankle injury 


Herniorrhaphy 


Leg injury, septicemia 


Chronie thrombo- 
phlebitis (deep), 
bilateral. 


right 8 years 
left 3 years 


+++ 


Subacute thrombo- 
phlebitis (deep), 
bilateral. 


13 days 


Gangrenous appendi- 
citis 


Septic abortion, 
ehildbirth 


Pelvie operation 


Chronic thrombo- 
phlebitis (deep), 
left leg. 


8 months 


Chronic thrombo- 
phlebitis (deep), 
right leg. 


E. F. 45 F 


J. A. 


Chronie 
phlebitis (deep), 
bilateral. 


Chronie thrombo- 18 years 


phlebitis (deep), 
bilateral. 


Chronie 
(deep), right leg. 


thrombo- 2 months 


3 months 


+++ 


Indefinite 


Burn 


“Herniorrhaphy 


‘Childbirth 


phlebitis 23 years 


++ 


Childbirth 


46 M 


‘Chronic thrombo- 


phlebitis (deep), 
bilateral. 


28 years 


+++ 


Typhoid fever 


Chronie thrombo- 
phlebitis (deep), 
left leg. 


19 years 


Childbirth 


Chronie thrombo- 
phlebitis (deep), 
left leg. 


14 years 


at 


Childbirth 
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I 
BY IONTOPHORESIS WITH MECHOLYL 
"NUMBER JANTITA- 
TREATMENT 
TREATMENTS RESULT 
2 months 27 Improved +++ Measurements decreased; no pain; 
moderate swelling toward evening. 
Now holds full-time job. 
4 months 60 Improved +++ Measurements decreased; walks well. 
Still has occasional pain. 
3 weeks 18 Improved +++ Measurements decreased; little or no 
swelling, walks normally. 
26 days 15 Improved +.’ Measurements improved, leg softer, 
walking better. 
9 days 8 Improved +++ Measurements improved; has only 
slight ankle edema after hard day’s 
work. 
2 months 22 Improved +++ Measurements improved; able to do 
all her housework. 
7 weeks 24 Improved +++ Measurements decreased, pain disap- 
peared completely. 
6 weeks 39° Not 0 
Improved 
7 weeks 31 Improved — +++ Now has only slight swelling of 
ankles after full day’s work. 
3 months ae Improved ++  Uleers healed, swelling partially re- 
duced, able to do housework. 
3 weeks 18 ~ Cured ++++ No swelling; no symptoms. 
6 weeks $3 Improved ++ Measurements decreased, no pain, 
walks better. 
5 weeks 12 Improved +++ Measurements reduced, no pain, walks 
without difficulty. 
6 months 63 Improved ++ Left leg became normal, right leg 
only partially improved. 
4 weeks 11 ~ Improved +++ Swelling reduced, walking improved. 
6 weeks 21 a Improved +++ Less swelling, no pain, able to do all 
her housework. 
4 weeks 12 Improved +++ Measurements decreased, improved 
ability to walk. 
2 weeks Improved +++ Measurements decreased, no pain, 
now able to do all her housework 
without difficulty. 
6 weeks 12 Improved ++ 
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TABLE 
TREATMENT OF CHRONIC LEG ULCERS 
NO. PATIENT =” LESION DURATION DISABILITY ETIOLOGY 
1 A, L 42 F. Chronic ulcer of 4 months +++ Raynaud’s disease 
foot with scleroderma 
2 N.P 23M _ Chronie purulent 20 months +++ Osteomyelitis of right 
ulcer of leg tibia 
3 B.L. 74F  Uleer due to stasis 3 weeks ++++ Cardiac insufficiency 
plus arterio- with peripheral 
sclerosis edema; arteriosclero- 
sis 
4 J.M. 46M _ Uleer of foot 5 months +++ Diabetes 
5 F. F. 41F Ulcer of ankle 41% years +++ Varicose veins 
6 E. G. 50F Ulcer of ankle 15 years ++ Varicose veins 
Chronic ulcer of 
leg 
7 t.H. 36F Boeck’s sarcoid(?) 2 years ++ Indefinite 
8 F. W. 52M _ Chronic leg ulcer 5 years + Microscopic examina- 
tion inconclusive: 
(1) tuberculosis, 
(2) probable 
syphilis 
9 F. T. 33 F Chronic ulcers of 2% years ++ Fracture 
left ankle 
10 R. G. 47F Uleer of right 7 months + Abscess following in- 
thigh sulin injection, 
diabetes 
11 H.K 45M _ Uleer of left ankle 20 months + Indefinite: old frac- 
ture, syphilis, 
nephritis 
12 M.S. 26M _ Uleer of toe 1 month ++ Diabetes 
13 H. H 39M Chronic uleer— 4 months ++ Varicose veins — 


medial aspect left 
ankle 


Clinical improvement in these ulcer cases was manifested shortly after 


treatment was started. 
granulation tissue appeared at the base of the ulcer. 


After two or three applications a healthy red 
Soon growth of 


epithelium became évident at the border, and by the end of six or seven 
days measurable differences in the size of the lesions were apparent. 
Though the limitations of drawing conclusions from such a small 
series of cases are recognized, the results were so uniformly good that 
it seemed worth while to report them. 
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ABLE 
II 
CERS 
BY IONTOPHORESIS WITH MECHOLYL 
DURATION NUMBER QUANTITA- 
OF OF RESULT TIVE REMARKS 
ie TREATMENT TREATMENTS RESULT 
se 
. 3 weeks 14 Healed ulcer ++++ Previously treated by bed rest and 
ointments without improvement. 
51%4 months 79 Healed ulcer ++++ Previous to treatment, ulcer was be- 
coming progressively worse. Urea 
crystals used until purulent dis- 
charge ceased. 
ney 
5 weeks 30 Healed ulcer ++++ + Urea crystals and bed rest also em- 
lero- ployed. 
—— 3 months 17 Healed ulcer ++++ 
3 weeks 17 Healed ulcer ++++ Had previously had Unna boot, elastic 
supports, ointments, and ultraviolet 
light. 
5 weeks 21 Healed ulcer ++++ 
on 1 month 28 Healed ulcer ++++ 
ina- 
: 6 weeks 17 Healed ulcer ++++  Uleer previously treated in 2 other 
clinics. 
5 weeks 14 Uleers healing + 
in- 
15 weeks 36 Uleer healed ++++  Uleer healed after treatments, but 
discharge continued 5 months. 
7 weeks 13 Uleer healed ++++ No improvement with Unna boot, nor 
with anti-syphilitic therapy. 
6 weeks 14 Uleer partially ++ Completely healed only after 5 months 
=a healed and after patient was put to bed. 
6 weeks 15 Healed ulcer +++ Had previously had vein ligations and 


supportive bandages, plus various 
types of ointments. 


SUMMARY 


Iontophoresis with acetyl-beta-methylcholine chloride was used in the 
treatment of nineteen patients with deep thrombophlebitis with good 
results in eighteen cases. The same form of therapy was employed in 
thirteen cases of chronic leg ulcers of various etiology; these uleers had 
completely healed in twelve cases, and in the thirteenth the lesion was 


healing rapidly when last observed. 


| 
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We are grateful to Dr. Hugo A. Freund for his permission to investigate and 


report those cases in which treatment was carried out under his direction at Harper 
Hospital, and to Dr. Saul Rosenzweig for his cases at North End Clinic. 
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PAPAVERINE HYDROCHLORIDE 


Its QUESTIONABLE VALUE AS A VASODILATING AGENT FOR USE IN THE 
TREATMENT OF PERIPHERAL VASCULAR DISEASES 


Davip LirravuErR, M.D., anp Irvine 8S. Wricut, M.D. 
New York, N. Y. 


A* PART of the present trend toward conservatism in the treatment 
of diseases of the peripheral circulation, several pharmaceuticals 
with vasodilating properties, notably histamine, acetylcholine, acety]- 
beta-methyl choline, theobromine sodium salicylate, and tissue extracts, 
have come into popular use. With increasing experience, certain of 
these substances have been found to possess, at most, limited usefulness. 
In the last few years papaverine, a member of the isoquinoline group 
of opium alkaloids, has been widely recommended as a rapidly acting 
vasodilator because of its relaxing effect on smooth muscle. 

Papaverine was first identified among the alkaloids of opium by 
Merck, in 1848.2 Its formula was worked out by Goldschmidt? about 
forty years later, and in 1909 it was prepared synthetically by Pictet 
and Gans.? A preparation closely related chemically to papaverine, and 
used especially in Europe, is eupaverine,® which is claimed to be less 
toxic but is also less soluble than papaverine. Pal, who has done con- 
siderable experimental work with papaverine on animals and to a lesser 
extent on man,**' has concluded that the drug has the property of re- 
laxing smooth muscle throughout the body by local action on the muscle 
fibers. If this is true, it should produce dilatation of blood vessels; in 
normals he found this relaxing effect to be insignificant, while if vaso- 
constriction has been produced by administration of adrenalin the relax- 
ing effect is much greater. Pal’s findings have been confirmed in a 
general way by Renon and Desbouis,*® Adler,’ and Macht.’ The latter 
made an extensive pharmacologic study on animals of the effects of the 
drug on the circulation, on respiration, on smooth muscle, and as an 
analgesic. He found that papaverine causes marked dilatation of the 
coronary, splanchnic, and peripheral arteries; it causes a slight decrease 
in the rate of respiration, but a marked increase in volume output and 
alveolar ventilation, and also dilates the bronchi; it relaxes smooth 
muscle without paralyzing it; and as an analgesic it is more effective 
than codeine but less effective than morphine. Barlow® has confirmed 
its inferior potency as a sedative and as an inhibitor of spontaneous 
movements in the rat. 

Gruber and Robinson® have shown that in the perfused mammalian 
heart papaverine hydrochloride causes considerably greater dilatation 
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of coronary vessels than does morphine, although only one-tenth the dose 
was used. Mercier’? found that the initial fall in blood pressure follow- 
ing the action of papaverine on the smooth muscle fibers is succeeded by 
a rise, which he attributed to vasoconstriction. 

The tonus of the smooth muscle of the intestinal tract is usually de- 
creased by papaverine injected intravenously, although sometimes in- 
creased peristalsis may result, according to Gruber and Robinson" and 
Gruber and Brundage.'* Samaan" also has found it effective in reliev- 
ing intestinal spasm. However, Gross and Slaughter‘ claim that as a 
relaxer of smooth muscle in the gastrointestinal tract papaverine is effec- 
tive only on the musculature of the stomach, and that its effect is slight 
compared to the similar action of morphine. 

Samaan’’ has reported favorably on the relaxing effect of papaverine 
and eupaverine on the smooth muscle of the genitourinary and biliary 
tracts. 

Clinically, this relaxing property of papaverine has prompted its use 
in acute uremia,*’ angina pectoris, bronchial asthma, and dysmenor- 
rhea.** In the last three years several reports have appeared on the 
effectiveness of papaverine in releasing the vascular spasm accompany- 
ing acute embolism or thrombosis of the vessels of the extremities. 
Denk,**” © using eupaverine in doses averaging 0.03 to 0.06 gm. (14 to 
1 gr.) intravenously every few hours, reports that in twenty-five cases of 
acute embolism of major vessels of the extremities there was complete 
restoration of circulation in seventeen, improvement in three, and no 
favorable effect in only five. His criteria of improvement are based on 
clinical findings and capillary microscopy. He concluded that these 
results are at least as good as are usually obtained with embolectomy, 
and the latter procedure can always be attempted if a trial with papav- 
erine is ineffectual in a few hours. 

Allen and MacLean" report a case of a 50-year-old diabetic male who 
suffered occlusion of the lower portion of the right femoral artery and 
the left iliae artery. Following the administration of .016 gm. (14 gr.) 
of papaverine intravenously, the condition of the right leg returned to 
normal, whereas the left lower extremity became progressively worse 
and at operation the larger arteries and veins were completely throm- 
bosed. Five additional cases have been added by de Takats.?* In two, 
no benefit resulted from the use of papaverine, possibly because of the 
length of the interval between the arterial occlusion and administration 
of the drug. One of the remaining three was a case of pulmonary em- 
bolism and should be discounted. Adjuvant therapy, such as suction- 
pressure and a heat-regulated cradle, was used in the two cases in which 
improvement occurred. 

In the experimental work on animals mentioned above, the results of 
competent observers were by no means uniform. In the small amount 
of clinical observation thus far reported, conditions were usually far 
from controlled. In some cases adjuvant therapy was employed. It is a 
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familiar clinical observation, moreover, that in many cases of acute 
embolism or thrombosis of a major artery of an extremity spontaneous 
recovery following ordinary symptomatic therapy, like warmth, seda- 
tives, and analgesics, is the rule. This is especially true of nonseptic 
emboli in people under 45 years of age. 

We therefore decided to investigate the effectiveness of papaverine 
as a vasodilator in cases of vascular disease in which measurable amounts 
of spasm, as determined by a standard procedure for securing vasodila- 
tation, were known to exist. To this end a series of patients with various 
vascular syndromes, as well as two normal individuals, were subjected 
to a method of producing reflex vasodilatation with which we have had 
considerable experience. By this method we could demonstrate the 
capacity for vasodilatation in certain of the extremities selected for 
study. At subsequent sittings the same individuals were given papav- 
erine in doses which were recommended therapeutically, and also in 
larger doses. In addition, we had the opportunity during the past year 
to observe six patients who were admitted to the hospital for sudden 
peripheral embolism or thrombosis and given papaverine within a short 
time after the vascular insult. 


METHOD 


Twenty-two subjects were studied, including thirteen with thromboangiitis oblit- 
erans, three with arteriosclerosis obliterans, four with Raynaud’s syndrome, and two 
normal individuals free from vascular disease. 

All were first tested with the procedure commonly used in our clinic to determine 
the possibility of reflex dilatation of the vessels of the extremities, namely, the hot 
water immersion test popularized by Landis and Gibbon.19 This compares favor- 
ably with other diagnostic tests for vasospasm, such as injection of the posterior 
tibial nerve and spinal or general anesthesia, except in cases of Raynaud’s syn- 
drome. 

The procedure was as follows: The subject sat in a room free from drafts. 
The temperature was maintained between 20° and 22° C. (68°-71.5° F.). If the 
upper extremities were tested they were exposed from the elbows downward and 
the hands and forearms were rested on a table. Temperature readings of the skin 
of the dorsum of the first, third, and fifth digits of each extremity and of the 
dorsum of the foot (or hand) were taken by means of the Leeds and Northrup 
potentiometer with thermocouple junction of iron, copper, chromel, platinum rhode- 
sium (positive) and constantan, alumel and platinum (negative), and extension 
leads, 

Readings were taken every ten minutes until stabilization of skin temperature 
had been achieved. In no instance were less than sixty minutes allotted to the 
period of stabilization, and in some cases ninety or more minutes were required. 

After stabilization of skin temperature had occurred the opposite pair of extremi- 
ties was immersed in surgical arm basins above the elbows (if upper extremities) 
or in deep pails to the knees (if lower extremities) containing water maintained 
at a temperature of 42° to 46° C. (107.5°-115° F.), and temperature readings of the 
extremities were made at five-minute intervals for thirty-five minutes. 

Vasodilatation in a digit was not considered to have occurred unless there was a 
rise in the temperature of the skin of 2° C. (3.5° F.), or more, in at least two 
of the three digits from which readings were taken. Normal vasodilatation should 
produce a rise to above 30° C. (86° F.) in most individuals. A check on the effective- 
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ness of the procedure in producing vasodilatation of the superficial vessels of the en- 
tire body was the generalized sensation of warmth, diaphoresis, and flushing which 
would occur within five to fifteen minutes following immersion. 

Each person was subjected at another sitting to the following procedure. 
Stabilization of the temperatures of the skin of the toes and feet was achieved. 
Blood pressure and pulse rate were also recorded during this period. Papaverine 
hydrochloride,* in the amount of 0.03 gm. (gr. %), was injected into an ante- 
cubital vein. Between thirty and forty-five minutes later the injection was re- 
peated. For at least two hours following the initial injection the temperatures of 
the skin of the toes and feet were taken at ten-minute intervals, the pulse rate was 
counted every ten minutes, and the blood pressure was taken several times. In 
eleven cases the capillaries of the nailfold of a finger were also examined period- 
ically under the microscope, before and after the injection of papaverine hydro- 
chloride, for changes in size, shape, and rate of flow of the capillary stream. 
Changes in the color of the extremities and symptoms following the injections were 
also noted. 

RESULTS 

The classification of patients under the various diagnostie groups fol- 
lowed a thorough study in the Vaseular Clinic. Patients with ques- 
tionable diagnoses were not used in this work. 

Patients With Thromboangiitis Obliterans.—Of the thirteen patients 
in this group, eight showed a significant response to the hot-water im- 
mersion test, the maximal rise in temperature of the toes ranging from 
4.0° to 9.0° C. (7° to 16° F.) in different individuals. In each ease in 
which a temperature rise occurred there was some degree of coincident 
improvement in the color of the toes, from rubor or dusky cyanosis to 
deep or light pink. Several patients remarked upon tingling or throb- 
bing in the feet and toes. 

In five subjects, a rise of temperature of at least 2° C. (3.5° F.) was 
not obtained. In this group there were some of our most advanced cases 
of thromboangiitis obliterans. 

Following injections of papaverine, three of the thirteen members of 
this group exhibited a rise of skin temperatures and changes in color of 
the feet. Two of these had also responded to the hot-water immersion 
test, while the third had evinced no response to this test. The effect 
of papaverine hydrochloride on blood pressure, pulse rate, and capil- 
laries is reviewed below. 

Patients With Arteriosclerosis—There were three patients in the 
group. One also had diabetes mellitus, controlled adequately by diet. 
Two exhibited no response to water immersion. Mid-thigh amputations 
for ischemia with gangrene of toes were subsequently performed on 
these two. In the third, excellent vasodilatation was obtained in one 
extremity and almost none in the other. In none of these patients was 
any rise in skin temperatures or changes in the color or feeling in the 
feet obtained following the intravenous injection of papaverine hydro- 


chloride. 


*Papaverine hydrochloride, Eli Liily and Company, was used; 0.03 gm. is the 
maximum therapeutic dose recommended by several workers. 
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Patients With Raynaud’s Syndrome.—There were four patients in 
this group. Tests for vasospasm and vasodilatation are admittedly un- 
reliable in patients suffering from Raynaud’s syndrome, and the studies 
were performed primarily to round out the group of common vascular 
disorders. Stabilization of temperatures is difficult to attain. Spontane- 
ous release of spasm would oceur at temperatures above 20.5° C. (69° 
F.). Readings in these patients, all of whom had marked involvement 
of the upper extremities, were taken from the finger tips and dorsi of 
the hands, the legs being immersed in a pail of warm water. One patient 
had scleroderma. 

In two, rise of temperature of the fingers and change in appearance 
of the fingers from dead white or purplish cyanosis to healthy pink 
occurred following water immersion. In one no response was obtained. 
In the fourth it was impossible to secure constant readings, as the vaso- 
spasm came and went frequently. In all four cases papaverine had no 
vasodilating effect at the temperatures at which spasm could be main- 


tained. 

Normal Subjects—Two normal controls were used. After stabiliza- 
tion of skin temperatures at a low level, elevation of temperatures to at 
least 30.5° C. (87° F.) in all toes was secured following water immer- 
sion. In neither case was any rise in the temperature of the toes elicited 
following injection of 0.06 and 0.10 gm. (1 and 14% er.), respectively. 

Systemic Reactions Following Intravenous Injection of Papaverine 
Hydrochloride.—The majority of the twenty-two subjects studied had 
no symptoms following the intravenous injection of papaverine hydro- 
chloride in so-called therapeutic doses. A few felt drowsy. One suffered 
momentary pain in the chest. One felt warm in the chest and abdomen; 
this sensation subsided after several minutes. A generalized sensation 
of warmth and throbbing in the temples occurred several hours after 
injection of 0.10 gm. (gr. 11%) in another. Blood pressure remained 
either unchanged or fell a few points. The maximal pulse rate varia- 
tion, almost always in a downward direction in the cases in which it 
occurred, was ten beats per minute. 

Examination of the capillaries of the nailbed of a finger before and 
after injection of papaverine hydrochloride was performed in the first 
eleven patients studied. In two who had Raynaud’s syndrome the 
capillary picture changed without relation to the administration of the 
drug. In the other nine eases the size, shape, and rate of flow of the 
capillary stream were normal before injection and remained so. The 
capillaries of the toes could not be examined satisfactorily. 

During the past year we have had the opportunity to observe four 
eases of acute peripheral embolism and two eases of thrombosis within 
a few hours after the accident. Five of these patients were given large 
doses of papaverine by mouth and intravenously, and the sixth received 


‘‘spasmalgin,’’ a proprietary preparation which contains papaverine, 
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but as we were not convinced of the efficacy of the drug alone, and saw 
no reason to withhold other therapeutic measures, they were also treated 
variously with sedatives, warmth, alternating suction and pressure, and 
the oscillating bed. The clinical results were what might have been 
expected if papaverine had not been added to the therapeutic regimen. 
One patient (45 years of age) experienced a return of circulation, and 
the remaining five, all but one of whom were over 50 years of age, de- 
veloped dry gangrene, necessitating amputation, or died. 
COMMENT 

This study attempted to determine the efficacy of papaverine as a 
vasodilator. It has been claimed that papaverine in therapeutic doses 
can overcome the pronounced reflex vascular spasm which often accom- 
panies acute embolism or thrombosis of a major artery of an extremity. 
Such eases can rarely be studied under controlled conditions and, as has 
been noted before, spontaneous recovery frequently occurs without any 
therapy. We therefore decided to compare under similar conditions the 
vasodilating qualities of the drug with a simple means of causing 
arteries to relax, namely, immersion of the opposite pair of extremities 
in warm water at a temperature of 42° to 46° C. (107.5° to 115° F.). If 
papaverine could relieve the severe spasm accompanying the acute in- 
sult, it should certainly be as effective as warm water is known to be in 
relaxing lesser degrees of vascular spasm. 

Following water immersion vasodilatation was obtained in 11, or 61 
per cent, of the eighteen subjects examined (we are omitting the Ray- 
naud syndrome group from statistical comparison). Following the 
intravenous injection of papaverine hydrochloride only three, or 17 per 
cent, exhibited any appreciable degree of vasodilatation, as measured 
by changes in skin temperature and in appearance of the skin. On the 
other hand, one patient who did not show relaxation of vasomotor tone 
following water immersion did respond to injections of papaverine 
hydrochloride. 

Any study of the action of drugs on human beings must be interpreted 
with restraint. In the field of vascular disease, Silbert?* has recently 
expressed a timely reminder that a critical attitude in evaluation of 
treatment is too often lacking. Nevertheless, we conclude from our 
observations that as a therapeutic means of causing vascular relaxation 
in normal individuals or in those suffering from diseases in which vaso- 
spasm may play an important role, such as thromboangiitis obliterans 
and early arteriosclerosis, papaverine hydrochloride intravenously is less 
effective than immersion of a pair of extremities in warm water. Its 
efficacy in relieving more severe grades of spasm must therefore be open 
to question. 

SUMMARY 

The effectiveness of papaverine hydrochloride intravenously as a vaso- 

dilator was studied in a series of eighteen subjects, which included thir- 
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Fig. 1A4.—Typical experiment showing effect of immersion of arms in water at 
42 to 46° C. on the skin temperatures of the toes of the left lower extremity. (Patient 


G. S., 12/4/37.) 
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Fig. 1B.—Typical experiment (continued) showing effect of papaverine hydro- 
chloride, administered intravenously, on the skin temperatures of the toes of the left 
lower extremity. (Patient G. S., 12/9/37.) 
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teen who suffered from thromboangiitis obliterans, three who had arterio- 
sclerosis obliterans, and two normals. Four patients with Raynaud’s 
syndrome were also observed, but are not included in the statistical 
analysis. Compared with the simple water immersion procedure for 
securing vasodilatation, papaverine hydrochloride is ineffective and un- 


eertain in action. 
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OBSERVATIONS ON THE GENESIS OF 
RENAL HYPERTENSION* 


L. N. Katz, M.D., M. FrrepMan, M.D., S. Ropparp, B.S., AND 
W. WeErnsTErN, M.D. 
CxHIcaAGo, ILL. 


LTHOUGH various observers, notably Cash,’ have noted that hyper- 
tension resulted when the kidneys were damaged, it was the funda- 
mental work of Goldblatt, Lynch, Hanzal, and Summerville? which 
clearly indicated that severe, persistent hypertension may be of renal 
origin. These latter investigators produced experimental hypertension by 
partially occluding one or both renal arteries of the dog. Since that time 
Goldblatt and his associates** have made many valuable contributions to 
our knowledge of hypertension of this type. The renal hypertension pro- 
duced by renal ischemia has been shown by various observers*"! to be 
independent of the nervous system, but the exact mechanism involved is 


still unknown. 

For the past four years we have been interested in the mechanism re- 
sponsible for the rise of pressure following renal ischemia. In this report 
we briefly deseribe our experiences to date. 


GENERAL METHOD 


Trained dogs were used throughout. In our early experiments the blood 
pressure was determined by an indirect cuff method, applying the cuff to the upper 
foreleg. The systolic and diastolic pressures were determined by auscultation 
over the brachial artery, employing the usual criteria. The cuff was constructed 
to fit the shape of the limb and was 4 to 8 em. wide, depending on the size of the 
animal (modified Ferris and Hynes method12). Experienced observers can ob- 
tain readings with an error not exceeding + 5 mm. Hg with trained dogs. How- 
ever, more accurate blood pressure readings were recorded with the calibrated needle- 
manometer of Hamilton.13 By this method the direct and accurate measurement of 
both the systolic and diastolic pressure in the femoral artery was obtained. Blood 
pressures could be recorded without a general anesthetic or morphine, provided care 
was taken to train the dogs. In general, the training process involved educating 
dogs to lie quietly for 5 to 10 minutes and making the arterial puncture without 
applying restraints. The skin overlying the artery was infiltrated with 14 to 2 c.c. 
of 2 per cent procaine hydrochloride, and sharp needles (20 gauge) were used for 
the puncture. Often the dogs were so well trained that the arterial puncture could 
be made without using the local anesthetic. Successive blood pressures were taken 
at daily to biweekly intervals until three or four successive readings were in agree- 
ment within + 5 mm. Hg. These last readings constituted the control pressure. Occa- 
sionally, a marked variation in blood pressure concomitant with various phases of 
the respiratory cycle was noted, and when this occurred the average systolic and 
diastolic pressures were calculated. Renal hypertension was produced by completely 


*From the Cardiovascular Department, Michael Reese Hospital, Chicago, III. 
Aided by the A. D. Nast Fund for Cardiac Research, 
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occluding the renal artery with a Goldblatt clamp, then releasing the clamp ap- 
proximately one-half to one and a quarter turns of the screw. Bilateral clamping in 


two stages was done 7 to 46 days apart in all but 3 instances. The renal artery 
constriction was performed under nembutal or ether anesthesia, using the retro- 
peritoneal approach. 


THE ARTERIAL BLOOD PRESSURE OF THE NORMAL TRAINED DOG 


We have analyzed our data in order to establish the normal pressures 
in trained dogs. Blood pressure determinations were made by means of 
the Hamilton method. The results on 127 trained dogs are shown in 
Fig. 1. It was found that the mean systolic pressure was 155 mm. Hg, 
with the range from 130 to 185 and the standard deviation 11 mm. Hg. 
The mean diastolic pressure was 80 mm. Hg, the range 65 to 100, and 
the standard deviation 6 mm. Hg (Fig. 2). 

The readings in the upper extremity determined in sixteen trained 
dogs by the cuff method showed a diastolic pressure averaging 85 mm. 
Hg and ranging from 75 to 100, which is similar to that in the femoral. 
The systolic pressure, however, was lower, the average being 130 mm. 
Hg, with 115 to 155 as the range. 


TABLE I 


NorMAL BLoop PRESSURE IN THE BRACHIAL ARTERIES OF 16 TRAINED Dogs, Ob- 
TAINED BY THE Curr METHOD 


DOG SYSTOLIC DIASTOLIC 
J-1 130 75 
J-2 140 80 
J-3 115 75 
J-4 155 100 
J-6 120 80 
J-7 130 100 
J-8 145 90 
J-9 115 85 
J-13 125 85 
J-14 140 85 
J-16 125 80 
J-19 35 90 
J-22 125 80 
K-9 135 85 
K-10 150 95 
K-12 130 75 


During the initial part of the training period the dogs regularly exhib- 
ited hypertension, but usually after 5 to 7 days of daily pressure de- 
terminations the basal control level was reached. Occasionally, dogs 
maintained a high pressure (200/100) with a slow pulse, even after 
weeks of training. These dogs were discarded. Also discarded were 
several dogs showing fluctuating pressures, indicating vasomotor insta- 
bility. A single determination of the blood pressure of untrained dogs, 
with or without the use of morphine, does not appear to give the cor- 
rect control blood pressure level. 
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Fig. 1.—The distribution of blood pressures in the femoral arteries of 127 trained 
normal dogs, obtained by direct intra-arterial puncture (of Hamilton). The systolic 
pressure is given in ordinates and the diastolic pressure in abscissae. The pulse 
pressure is indicated by the oblique lines. All pressures are in millimeters of mercury. 
The figures give the number of animals with each particular combination of systolic, 
diastolic, and pulse pressures. 
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THE CHANGE IN BLOOD PRESSURE FOLLOWING PARTIAL OCCLUSION OF 
ONE RENAL ARTERY 


Thirty dogs were used in this phase of the study. The blood pressures 
were determined by the cuff method in 12, and by direct arterial punc- 
ture in 18. A rise in both systolic and diastolic pressure occurred in 
80 per cent of she eases, reaching values as high as 225/150, thus indi- 
‘ating a maximum rise of as much as 80/65 mm. Hg. In these 30 dogs 
the mean rise in pressure was 32/24 mm. Hg. The hypertension lasted 
from 2 to at least 46 days after the single clamp was applied. In this 
last animal the hypertension was not permitted to run its full course. 
Other observers” > have found sustained rises for longer periods in some 
of their dogs. None of the 14 animals in which blood nonprotein nitro- 
gen determinations were made showed an abnormal nonprotein nitrogen 
level, and none developed uremia. 

This variability in the duration of hypertension is not completely 
dependent upon the degree of occlusion alone, but in part on the funce- 
tional integrity of the other kidney. Favoring this concept are observa- 
tions! on dogs with unilaterally clamped renal arteries in which the 
removal of the normal kidney leads either to a greater elevation of the 
blood pressure or to the restoration of hypertension. This indicates 
clearly that the normal kidney in some mariner compensates for the 
deleterious effects of the ischemia in the other kidney. Whether the nor- 
mal kidney merely acts as a partial or complete substitute for some 
missing function of the ischemic kidney, or acts to neutralize, destroy, 
or excrete the humoral mediator of hypertension which the ischemic 
kidney produces remains to be determined. However, we feel that the 
re-establishment of hypertension by removing the normal kidney from 
an animal whose other kidney is ischemic is an important clue to the 
possible solution of the mechanism of renal hypertension. 

In contrast to the foregoing group of 30 dogs, in 10 dogs a clamp was 
applied to the renal artery of the remaining kidney from 16 to 91 days 
following unilateral nephrectomy. The pressure in all these dogs was 
measured by the direct arterial puncture method of Hamilton. Hyper- 
tension occurred in 90 per cent. The maximum level attained was 
250/150 mm. Hg, with a maximum rise of 95/80 and an average rise 
of 58/40 mm. Hg. Five of these 10 animals (all 5 had hypertension) 
died in uremia, 3, 3, 4, 7, and 17 days, respectively, after the renal 
artery was clamped. Three of the remaining five dogs failed to develop 
uremia, although 2 of these had hypertension. The duration of hyper- 
tension in those animals not dying in uremia was found to continue for 
an indefinite period, up to at least 10 months. At necropsy, one of the 
dogs dying in uremia with hypertension showed extensive petechiae in 
its viscera, exclusive of the kidney, confirming the recent report of 
Goldblatt?® concerning the pathologic changes following severe hyper- 
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tension with renal insufficiency. A second dog showed fibrinous peri- 
carditis. The absence of the second kidney is thus seen to facilitate the 
production of hypertension and prolong its course, although frequently 
leading to uremia. 


THE CHANGE IN ARTERIAL BLOOD PRESSURE FOLLOWING PARTIAL OCCLUSION 
OF BOTH RENAL ARTERIES 


Bilateral partial renal arterial occlusion was produced in 24 dogs. 
The occlusion was done in one stage in 3, and in two stages in the other 
21 dogs, 7 to 46 days apart. In 10, the pressure was measured by the 
cuff method and, in the remaining 14, by the direct arterial puncture 
method of Hamilton. The effects were more severe than those following 
the production of renal ischemia in but one of two kidneys; they were 
similar to those following partial renal occlusion after unilateral ne- 
phrectomy. Thus, hypertension occurred in 85 per cent of the animals, 
and lasted, with 1 exception, as long as the animal lived, viz., 2 days 
to 14 months. In this one instance the animal died in uremia and, 7 
days before death, the pressure fell to normal as the uremia developed. 
The highest pressure level attained in these 24 dogs was 245/150, repre- 
senting a maximum rise of 95/70 mm. Hg. The average rise was 54/40 
mm. Hg. Seven of these animals (28 per cent) died in uremia, 2, 2, 3, 
4, 5, 30, and 38 days, respectively, after the second clamp was applied. 
Elevation of the nonprotein nitrogen of the blood was noted in 11 of the 
18 animals. 

One of the animals with simultaneously produced bilateral renal 
arterial clamping is worth discussing in this connection. This animal, 
T 29, showed no elevation of blood pressure or nitrogen retention for 
19 days following the bilateral clamping. Following unilateral nephrec- 
tomy, the nonprotein nitrogen rose from 45 to 108 mg. per cent with- 
out a concomitant elevation of blood pressure. The animal was in ex- 
cellent condition, although the nonprotein nitrogen elevation persisted 
for 20 days, at which time the animal was sacrificed. This phenomenon 
of renal excretory insufficiency in a unilaterally nephrectomized ani- 
mal whose other renal artery has been clamped, without an acecompany- 
ing hypertension, we have seen once before,’* but have not seen de- 
seribed elsewhere. It suggests that the cause of the occasional failure 
of hypertension to develop following partial renal arterial occlusion is 
not always an inadequate degree of occlusion, but must be sought for 
elsewhere. It also indicates that hypertension and renal excretory in- 
sufficiency are not necessarily related. 


THE EFFECT OF VARIOUS PROCEDURES ON RENAL HYPERTENSION 


During the course of this study an epidemic of distemper occurred 
among the dogs. It was observed that distemper often (4 out of the 
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6 dogs who survived) caused a significant lowering of the blood pressure 
with a return to hypertensive levels on convalescence. This was not 
due to the concomitant starvation or dehydration, since neither of these 
conditions had any influence on the hypertension of 2 dogs in which 
their effect was tested. The most likely explanation of the fall in blood 
pressure in distemper-infected dogs would seem to lie in a partial periph- 
eral vasomotor collapse. 

In view of the results obtained by Goldblatt® following adrenalectomy, 
and those obtained by Page’® following extirpation of the pituitary in 
renal-hypertensive dogs, we tested the effect of subtotal thyropara- 
thyroidectomy in 3 hypertensive dogs. In these animals the deleterious 
effects of parathyroidectomy were counteracted satisfactorily with eal- 
cium citrate in the food, calcium chloride by vein, and parathormone 
by subeutaneous injection. It was found, in accord with Glenn and 
Lasher,* that the removal of most of the thyroid does not influence the 
blood pressure in the renal-hypertensive dog. However, it must be em- 
phasized that the removal of both thyroid lobes in the dog does not pro- 
duce a myxedematous state, because of the abundance of accessory 


thyroid tissue. 


THE GROSS AND HISTOLOGIC APPEARANCE OF THE ISCHEMIC KIDNEY 


On gross inspection, the ischemic kidney usually showed no abnor- 
mality. In animals with one ischemic kidney, the ischemic kidney usu- 
ally appeared smaller than the normal one. Histologic sections of 8 
ischemic kidneys were examined, and the glomeruli, tubules, arterioles, 
and interstitial tissue were studied. Dr. M. Corrigan, of the depart- 
ment of pathology, checked these sections with one of us (M. F.). The 
striking finding, as Table III shows, is the absence of definite abnor- 
malities. Only in 2 kidneys were oceasional arterioles found that were 


TABLE III 


HistTo.ocic APPEARANCE OF ISCHEMIC KIDNEYS 


INTERSTITIAL 


ARTERIOLES 


DOG DURATION OF 

NUMBER ISCHEMIA TISSUE 

K-A 12 days Occasional Normal Normal Abnormal 
hyalinization 

K-B 1 month Normal Normal Normal Normal 

J-4 2 months Occasional Normal Normal Abnormal 
hyalinization 

K-4A 5 months Normal Normal Normal Normal 

K-4B 4 months Normal Normal Normal Normal 

T-2 4 months Normal Normal Normal Normal 

T-1 6 months Normal Normal Normal Normal 

T-R 6 months . Normal Normal Normal Normal 


thickened, but this was not a diffuse process, and in one of these kidneys 
the ischemia was produced but 12 days previously. Similar scattered 
arteriolar thickening occurred in some of our supposedly normal con- 
trol kidneys. 
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Goldblatt and his associates? observed significant changes affecting 
the glomeruli and arterioles in 3 of their dogs with renal artery clamps. 
Child'* also reported definite changes in the glomeruli, arterioles, and 
tubules of ischemic kidneys, but states that these changes were not pres- 
ent in mildly hypertensive animals, or in those animals which had not 
had renal ischemia for at least 3 months. Elaut,’® however, in a similar 
study, found no changes in ischemic kidneys even after 18 months. Our 
results are based on a study of kidneys that were rendered ischemic 
less than 6 months earlier. 


THE POSSIBLE EXISTENCE IN THE BLOOD STREAM OF THE HUMORAL MEDIATOR 
OF RENAL HYPERTENSION 


A. Gross Transfusion of Blood Between Unanesthetized Renal-Hyper- 
tensive Dog and Unanesthetized Nonhypertensive, Bilaterally Nephrec- 
tomized Dog.—Attempts to demonstrate the presence of a humoral 
mediator with pressor properties in the blood stream of a dog with renal 
hypertension have been unsuccessful.?® 2? 28 Preliminary experiments 
in which we injected blood taken from renal-hypertensive dogs into 
normal dogs also failed to show any rise in blood pressure. In view of 
the experiments described in the preceding sections of this report, the 
possibility suggested itself that the lack of response might be due to the 
action of the normal kidneys in the recipient dog. Consequently, we 
planned to repeat the transfusions of blood from renal-hypertensive 
animals into nonhypertensive, bilaterally nephrectomized dogs. 

The experiments were planned to circumvent, as far as was feasible, 
the following possibilities: (a) that the humoral mediator might be 
present in extremely small concentrations, (b) that the presence of nor- 
mal kidneys might clear even this small quantity of the humoral medi- 
ator, (ec) that the humoral mediator might require hours to manifest 
its vasopressor action, (d) that anesthesia might mask this effect, and 
(e) that in a dog without kidneys certain changes in its blood might 
occur which would have a vasodepressor action or in some other fashion 
prevent the action of the chemical mediator. 

Trained normal dogs whose blood matched that of the hypertensive 
animal were used in the experiment. Beginning a few hours after 
bilateral nephrectomy, after the dogs had recovered from the effects of 
the ether anesthesia, they were cross-transfused every 2 to 3 hours with 
renal-hypertensive dogs. Blood was drawn into 100 ¢.c. syringes, previ- 
ously rinsed in 14 per cent citrate solution, from the femoral artery of 
the hypertensive dog and transferred immediately in 100 ¢.c. quantities 
into the brachial vein of the bilaterally nephrectomized animal. After 
200 to 300 ¢.c. were transferred, the procedure was immediately re- 
versed, the nephrectomized dog now acting as the donor. This was re- 
peated many times. Thus the hypertensive dog received blood from the 
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nephrectomized dog to clear of uremic products, and the nephrecto- 
mized dog received hypertensive blood. Blood pressure determinations 
were made 1 hour after each cross-transfusion. A summary of the 
details of the four experiments of this type is given in Table IV, and 
typical changes in one of the bilaterally nephrectomized dogs are shown 
in Fig. 3. The hypertensive dogs used as donors had an elevated blood 
pressure of 30 to 102 days’ duration previous to the transfusion. From 
785 to 2400 ¢.c. of blood were cross-transfused during each experiment. 

It will be seen that despite all of these measures there was no rise in 
blood pressure in any of the nephrectomized dogs. It will be noted, 
however, that in the 3 dogs in which the blood pressure changes in the 
first few hours following the bilateral nephrectomy were measured a 
definite rise in pressure occurred, which is attributable to the nephrec- 


tomy itself. 
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Fig. 3.—Typical cross-transfusion experiment showing effect on bilaterally nephrecto- 
mized recipient dog. 


The absence of any evidence of vasopressor action of renal-hyperten- 
sive blood in these long-continued cross-transfusions with unanesthetized 
nephrectomized dogs indicated that if a pressor substance is in the blood 
it must be present in extremely minute quantities or be extremely labile. 
The negative results cannot be attributed to a lack of time for the de- 
velopment of the rise in pressure, since our experiments continued much 
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longer than the time necessary for the blood pressure rise to oceur after 
bilateral complete ligation of the renal arteries. 

The blood pressure curve in the bilaterally nephrectomized dogs re- 
ceiving hypertensive blood was identical to that of a bilaterally nephree- 
tomized dog receiving normal blood. In short, the direct proof that 
there is a humoral mediator in the blood of renal-hypertensive dogs 
which acts to produce an elevation of pressure remains to be adduced. 

B. Hind-Leg Perfusion Experiments.—Equally negative results were 
obtained when a hypertensive animal was used as the donor in perfusing 
the hind leg of another dog. This procedure was used to determine 
whether or not the failure to obtain a pressor response in the cross- 
transfusion experiments might have been due to the slow rate of trans- 
fer of blood relative to the mass of tissue upon which it was to act. 


DONOR "4 RECIPIENT 
TO VEIN ; _, EROM VEIN 
“FROM ART. 
TO ART. ART. 
VEIN FROM VEIN )) 


Fig. 4.—The perfusion apparatus consists of a pair of control pressure bottles of 
500 c.c. capacity partially filled with blood and maintained at a constant level. These 
bottles are connected through an air trap with a large compressed air tank at a 
pressure of 60 mm. Hg. The blood temperature is maintained at 35° C. The blood 
from the bottles is permitted to flow into the femoral artery of the isolated recipient 
limb. A very tight cutting tourniquet is applied to the limb above the cannulae. The 
dog is then bled to death and his blood is used as a reserve. The rate of blood flow 
from the isolated limb is measured at the femoral vein in a graduated cylinder and 
returned manually and continuously to the burettes connected to the femoral veins 
of the donor dog. The rate of inflow into the donor dog is adjusted to keep pace 
with the rate of blood outflow via the femoral arteries in order to maintain a constant 
blood level. The adjustment of femoral vein inflow and femoral artery outflow of 
the donor dog is made by screw clamps. Discussed in text. 


A method for measuring the vasomotor changes under constant tem- 
perature and pressure in the isolated, denervated limb, as given by the 
outflow from the leg vein, is depicted in Fig. 4. 

In the first experiment (Fig. 5) we demonstrated that the perfusion 
of the isolated limb with blood from a nonhypertensive donor could be 
maintained constant within small limits over a long period, in this case 
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two and one-half hours.. The blood vessels of this preparation at the 
end of this time were still responsive to the vasoconstrictor action of 
adrenalin. 

In this experiment, both donor and recipient were anesthetized with 
nembutal (25 mg. per kg.). We used the new purified heparin, recéntly 
developed by Scott and Charles,** in quantities sufficient to maintain the 
blood noneoagulable. A surplus pool of heparinized blood was obtained 
from a third dog to keep the perfusion system filled without diminish- 
ing the blood volume of the donor dog. Preliminary experiments 


showed that this procedure was essential to avoid shock. 
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Fig. 5.—Effect of protracted perfusion of nonhypertensive heparinized blood on flow 
in isolated denervated hind-limb preparation (nembutal anesthesia). 

The maintenance of a constant flow when the pressure head was con- 
stant and a response to adrenalin by the vascular system in this prep- 
aration at the end of 214 hours encouraged us to repeat the experiment 
with a hypertensive donor. The procedure was modified from that used 
in the preceding experiment. A hypertensive donor dog was prepared, 
as well as the nonhypertensive. Only one femoral artery and vein of 
each donor was cannulated, and both hind limbs of the recipient (about 
8 kg. in weight) were prepared (Fig. 6). One inflow bottle was con- 
nected to the artery of the nonhypertensive dog and the other to the 
artery of the hypertensive dog.* At the start, both hind legs were per- 
fused with blood from the nonhypertensive dog. After 20 minutes, the 
right hind limb was perfused with 4100 ¢.c. of blood from the hyper- 
tensive dog in the next 100 minutes. While a slight slowing of flow 
occurred, it was no greater than the reduction of flow in this same 
period in the left hind leg,-in which ‘‘nonhypertensive’’ blood was 
used. Furthermore, the vessels of the perfused hind limb were shown to 
be responsive to adrenalin at the end of the experiment. 


*The hypertensive dog, T-32, had had renal hypertension for 65 days. 
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The possibility existed that the absence of a vasopressor action by the 
hypertensive blood was due to the depression by nembutal of the vaso- 
motor response—an action recognized in barbiturate anesthetics. The 
experiment was, therefore, repeated, using chloralosan as the anesthetic. 
According to Heymans (personal communication), chloralosan has lit- 
tle or no effect on vasomotor responses. In the experiment shown in 
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Fig. 6.—Effect on blood flow of hypertensive and nonhypertensive heparinized blood. 
In right, isolated, denervated, hind-limb preparation. Horizontal line below curve 
indicates period of perfusion with hypertensive blood. In the left, isolated, denervated, 
hind-limb preparation, nonhypertensive heparinized blood was perfused as a control. 


Fig. 7, therefore, the same procedure was used as in the preceding 
experiment except that chloralosan (95 mg. per kg.) was used as the 
anesthetic in all of the dogs—recipient, bleeder, normal, and hyperten- 
sive donors. In this experiment we found that the hypertensive blood 
caused an immediate vasodilatation when substituted for the nonhyper- 
tensive blood on three occasions, twice in the right and once in the left 
leg. In all three instances the substitution of nonhypertensive blood 
returned the flow at once to its previous level. The vasodilation de- 
ereased progressively as perfusion of the hypertensive blood was con- 
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tinued, apparently because of a local compensatory mechanism which 
persisted for a brief period after the perfusate was changed back to 
nonhypertensive blood. Two thousand five hundred e.c. of hyperten- 
sive blood were perfused into the right leg and 500 c.c. into the left 
leg within 50 and 15 minutes, respectively.* 
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Fig. 7.—Effect on blood flow of hypertensive and nonhypertensive heparinized 
blood in right and left isolated hind-leg preparations, the horizontal line below flow 
curves indicates periods of perfusion with hypertensive blood. 


The fact that a vasopressor action was absent in two experiments, 
and that a vasodilator action was present in one, is in accord with work 
of Prinzmetal, et al.2° It indicates that various anesthetics may alter 
vasomotor response, or that the vasoconstriction responsible for the renal 


*The renal hypertension in the hypertensive donor dog, T-56, was of 7 days’ 
duration. 
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hypertension is in some, other vascular bed than that of the extremity, 
or that the response occurs only when the leg is innervated or, most 
likely, that the amount of humoral mediator present in the blood stream 
is too small or too labile to exhibit its action in such perfusion experi- 
ments. At all events, we have failed to demonstrate directly the pres- 
ence of a humoral mediator in the blood of dogs with renal hypertension. 


RELATION OF BILATERAL NEPHRECTOMY AND BILATERAL RENAL ARTERY 
LIGATION TO HYPERTENSION 


We observed in the cross-transfusion experiments that bilateral 
nephrectomy led to an immediate rise in blood pressure in normal dogs, 
a phenomenon not mentioned elsewhere, to our knowledge. In order to 
elucidate the mechanism of this pressure rise, 7 more dogs were sub- 
jected to bilateral nephrectomy. Three other dogs were subjected to a 
mock operation resembling the double nephrectomy in all details except 
only that the kidneys were not removed. For comparison, 2 dogs were 
subjected to complete bilateral renal arterial ligation. All of these 
operations were done under ether anesthesia and none of the animals 
in this series showed any evidence of discomfort after the operation. 
Blood pressures were measured frequently, beginning 1 hour after 


operation. 


TABLE V 


Errect OF BILATERAL NEPHRECTOMY AND BILATERAL RENAL ARTERY LIGATION ON 
BLoop PRESSURE 


MAXIMUM TIME LAG DURATION | BLOOD PRES 
BLOOD PRES- BEFORE OF SURE 
BLOOD PRES- BLOOD PRES- 
SURE LEVEL | por. |BLOOD PRES-|BLOOD PRES-| 15 HOURS 
AFTER own SURE RISE SURE AFTER 
ae OPERATION osaaamanee OCCURRED | ELEVATION | OPERATION 
MM. HG sbwongaewes HOURS HOURS MM. HG 
Bilateral Nephrectomy 
K 42* 190/100 225/130 35/30 1 64 215/105 
T 38 150/ 85 185/100 35/15 1 44 155/ 85 
T 40 195/100 215/110 20/10 1 64 190/ 90 
T 42 165/ 85 210/125 45/40 1 11 150/ 90 
T 48 145/ 80 155/100 10/20 1 24 95/ 60 
T 74 150/ 80 180/105 30/25 1 6 150/ 70 
T 75 150/ 75 150/110 0/35 1 6 Dead 
Complete Bilateral Renal Artery Occlusion 
T 4 175/ 95 220/140 45/45 10 48 220/130 
T 5 | 140/ 70 205/125 65/55 1 48 180/120 
Control Mock Operation 
K 63 165/ 90 185/110 20/20 1 5 150/ 95 
T 29 175/ 80 185/ 85 185/ 85 
T 45 170/ 80 175/ 80 145/ 80 


*This dog had renal hypertension at time of nephrectomy. 
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Fig. 8.—Typical effect of bilateral nephrectomy on blood pressure and blood non- 
protein nitrogen. 
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Fig. 9.—Typical effect of mock operation on blood pressure. 
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The results are summarized in Table V and in typical curves shown 
in Figs. 7, 8, and 9. It will be seen that the mock operation had no 
significant effect on the blood pressure, whereas bilateral nephrectomy 
caused a temporary rise of as much as 45/40 mm. Hg, lasting up to 11 
hours. Further, this rise occurred even in an animal, K-42, with renal 
hypertension. The rise was not as great nor as persistent as that fol- 
lowing complete bilateral renal arterial occlusion. 
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Fig. 10.—Effect of complete bilateral renal arterial ligation on blood pressure and 
blood nonprotein nitrogen. 


The possibility that the transitory hypertension following bilateral 
nephrectomy was due to the action of retained pressor substances nor- 
mally excreted or neutralized by the kidneys was dismissed when we 
found that unilateral nephrectomy in 3 of 4 instances caused a similar 
temporary rise in blood pressure. The results are shown in Table VI. 
Therefore, the most likely cause of the temporary hypertension is ir- 
ritation of afferent pressor nerves located in the neighboring rich nerve 
plexus. This reflex pressor response is probably unrelated to painful 
stimulation since repetition of the nephrectomy experiments on 5 dogs 
under the influence of morphine sulfate gave a similar temporary 


hypertension. 
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TABLE VI 


EFFECT OF UNILATERAL NEPHRECTOMY ON BLOOD PRESSURE 


CONTROL MAXIMUM pony TIME LAG DURATION | BLOOD PRES- 

BLOOD PRES- F SURE 

BLOOD PRES-| BLOOD PRES- wed 
poe | SURE BEFORE SURE LEVEL SURE BLOOD PRES-| BLOOD PRES-| 15 HOURS 

on AFTER owing | SURE RISE SURE AFTER 
OPERATION OCCURRED ELEVATION OPERATION 

MM. HG HOURS HOURS MM. HG 

MM. HG 


Other Kidney Remaining 


T 66 175/90 225/120 50/30 1 7 

T 68 175/75 175/ 75 

150/75 175/100 25/25 1 54 

140/75 175/105 35/30 1 64 

No Kidney Remaining 

K 47 160/75 160/ 75 165/80 
K 49 180/95 200/ 90 200/90 
T 29 170/85 170/ 90 140/70 
T 68 175/75 200/ 80 160/65 
T 72 125/65 160/ 85 35/20 24 64 120/60 


DISCUSSION 
The Importance of the Training Period and the Method of Recording 
Blood Pressure in Hypertension Studies 

We feel that some of the discrepancies in early work in this field were 
due to the use of general anesthesia or of untrained dogs when anes- 
thesia was not employed. These facts should be considered in evaluating 
contradictions. Our experience has convinced us that indirect blood 
pressure methods do not compare in accuracy with the direct method. 
We have, therefore, discarded the cuff method and are using the eali- 
brated needle-manometer of Hamilton. 

Very few studies have been reported in which the Hamilton manom- 
eter was used. Usually, the van Leersum ecarotid-loop method, giving 
only the systolic pressure, or femoral arterial puncture with a mercury 
manometer recording mean pressure, has been employed. In either case 
exaggeration of the pressure changes is likely to occur. Further, these 
methods fail to give any indication of the more important criterion of 
arterial hypertension—the diastolic pressure. The Erlanger-Koll-Cash 
sphygmomanometer may be used to measure both systolic and diastolic 
pressure indirectly, but, as pointed by Wood and Cash,”° it is technically 
difficult. In short, in a field as full of variables as is that of experi- 
mental hypertension, it is advisable to utilize the most accurate method 
of blood pressure recording, the Hamilton manometer, in adequately 
trained dogs. Standardization of techniques used for the study will 
lead to comparable results and fewer apparent contradictions. 
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The Blood Pressure after Nephrectomy 

Certain acute experiments in the field of hypertension require the use 
of nephrectomized animals. In the past, the consensus has been that 
nephrectomy causes a drop in blood pressure,’ although Harrison, et 
al.,2° have reported a rise in 2 of their 12 dogs on the second and third 
postoperative days. In our experience, the pressure usually fell by the 
third day as the animal developed uremia. We know of no other re- 
ports of blood pressure changes in the first 20 hours after nephrectomy. 
In our cross-transfusion experiments we noticed a rise in pressure within 
an hour or two after nephrectomy. Had we not taken the pressures at 
this time, we might have been led to ascribe the elevation to the trans- 
fusions of hypertensive blood into the nephrectomized dog. This early 
pressure rise following nephrectomy might have complicated the results 
of the experiments of Houssay and Fasciolo,"' in which normal and 
ischemie kidneys were transplanted into the necks of dogs. It is also 
possible that the initial elevation of pressure following transplantation 
of the kidneys, as carried out by Blalock and Levy,’® might have been 
due to the removal of the kidney from its bed, and not to transitory 
ischemia. This transient hypertension resulting from nephrectomy 
must be taken into account in order to avoid erroneous deductions. 


The Relation of Renal Artery Ligation to Renal Hypertension and 
Renal Excretory Insufficiency 

The evidence available to date may be briefly summarized as follows: 

1. Unilateral nephrectomy does not produce chronic hypertension or 
gross renal excretory insufficiency (although there is a fleeting hyper- 
tension ). 

2. Unilateral renal artery clamping, when the other kidney is nor- 
mal, usually produces hypertension of varying duration, but does not 
produce gross renal excretory insufficiency. 

3. Unilateral renal artery clamping followed by removal of the nor- 
mal kidney usually produces either hypertension, or excretory insuffi- 
ciency, or both.® 1% 

4. Removal of an ischemic kidney, the remaining kidney being nor- 
mal, results in disappearance of the hypertension and no demonstrable 
gross impairment of excretory function.* 


5. Bilateral renal artery clamping usually results in hypertension with 
or without renal excretory insufficiency.” 

6. Complete ligation of both renal arteries causes hypertension and 
renal excretory insufficiency; in the terminal stages the hypertension 
may disappear.?” 

7. Bilateral nephrectomy causes only renal excretory insufficiency 
(excepting for a fleeting neurogenic hypertension). 
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8. Complete occlusion of both the renal artery and vein causes only 
renal excretory insufficiency.® 7° 

9. Ligation of the renal vein causes renal insufficiency and may pro- 
duce hypertension.”® 

10. Ureteral obstruction causes renal exeretory insufficiency with or 
without hypertension.’ 

11. Charcoal injected into the renal arteries produces multiple emboli, 
resulting in renal excretory insufficiency without hypertension.*® 

12. Trypsin injected into the renal arteries produces focal necrosis, 
resulting in chronic renal insufficiency with a transitory hypertension 
only during the acute inflammatory stage.*° 

13. Removal of almost all the kidney substance or partial occlusion 
of the arterial supply to both kidneys results in excretory insufficiency 
with or without hypertension.?® 

These experimental facts can be readily accounted for on the follow- 
ing assumptions: 

1. The origin of the fleeting hypertension caused by nephrectomy is 
different from that of the other forms of renal hypertension as outlined 
above. 

2. Renal hypertension is produced whenever the ratio of ischemic 
kidney substance to normally functioning kidney substance exceeds a 
certain value. This critical ratio can be produced when ischemic kid- 
ney tissue is present (a) by removing normal kidney substance, as by 
nephrectomy, destruction by emboli, or trypsin necrosis, ete., as well as 
by (b) inereasing the amount of ischemic kidney substance. The 
greater ease of producing hypertension when the kidney’s excretory 
ability or reserve is hampered is thus accounted for. It would appear 
that there is an optimum degree of ischemia favorable to the production 
of hypertension, and that this is not dependent on the interference with 
excretory ability is shown by the results obtained following unilateral 
clamping. The primary mechanism of renal hypertension thus appears 
to be the presence of a critical amount of ischemic renal substance, the 
quantity being secondarily determined by the number of normally fune- 
tioning excretory units. We feel that the ratio 

quantity of ischemic renal tissue 
quantity of normal renal tissue 


can be less than 1 and still produce hypertension, since persistent hyper- 
tension ean occur after unilateral renal clamping with the other kidney 
normal.® 

3. Renal excretory insufficiency is unrelated to hypertension, and 
occurs whenever the total number of excretory units is reduced below a 
eritical level (about 4% of the normal total number of excretory units 
has been found to be the limit below which gross excretory insufficiency 
appears*! Chronic renal excretory insufficiency without chronic 
hypertension has been produced.” 25 
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These three working hypotheses are in accord with the work reported 
to date. Studies in this field should logically be directed to determine 
(1) the details of the mechanisms whereby renal ischemia leads to hyper- 
tension, (2) the ways in which ischemia of the kidneys is produced 
clinically, and (3) what can be done to counteract or remove the influ- 
ence of the ischemic kidney. 


SUMMARY 


1. The genesis of the hypertension following renal ischemia (Gold- 
blatt method) was reinvestigated in an attempt to demonstrate a hu- 
moral mediator in hypertensive animals. 

2. The average femoral arterial blood pressure of 127 normal trained 
dogs, determined by the Hamilton technique, was 155/80 mm. Hg. The 
average brachial arterial blood pressure of 16 normal trained dogs, de- 
termined indirectly, was 130/85 mm. Hg. 

3. The hypertension which developed in unilaterally nephrectomized 
animals was more severe and of longer duration than in those animals 
having a second normal kidney; 50 per cent of these animals died in 
uremia. 

4. Bilateral partial renal arterial occlusion was performed in 24 dogs, 
of which 85 per cent developed hypertension. This was more severe and 
longer in duration than when partial occlusion of only one renal artery 
was produced. The nonprotein nitrogen of the blood usually became 
elevated following clamping, and 7 dogs died in uremia. 

5. The severity and persistence of the effects of renal ischemia de- 
pend on the presence of a normal kidney. This indicates that hyper- 
tension depends on the ratio of ischemic to normal renal tissue. 

6. Distemper was found to cause an alleviation or disappearance of 
renal hypertension; the hypertension recurred when the distemper 
was cured. 

7. Partial thyroparathyroidectomy did not affect the blood pressure 
in renal hypertension. 

8. Histologic examination of ischemic kidneys in which ischemia had 
been present as long as 6 months failed to reveal any definite abnor- 
malities. 

9. Cross-transfusion of several liters of whole blood for 18 or more 
hours between trained unanesthetized dogs with persistent renal hyper- 
tension and trained unanesthetized bilaterally nephrectomized non- 
hypertensive dogs failed to reveal any pressor response in the non- 
hypertensive dog. 

10. Perfusion of large quantities of heparinized blood over several 
hours from an anesthetized dog with persistent renal hypertension into 
the isolated denervated hind-limb preparation failed to reveal any 
vasopressor action. 
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11. A temporary hypertension lasting several hours was found to 
follow uni- or bilateral nephrectomy. This did not occur in control, 
mock operations. It is suggested that the transient hypertension follow- 
ing nephrectomy is neurogenic in origin. 


We are indebted to the various members of the department who have assisted, 
especially with the perfusion and cross- transfusion experiments. 
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THE SUPERNORMAL PHASE OF RECOVERY IN MAN* 


D. Scuerr, M.D., New York, N. Y., ANp A. ScHort, M.D., 
LONDON, ENGLAND 


HE two eases described in this report seem to demonstrate the pres- 

ence of a ‘‘supernormal phase’’ of recovery in the human heart. Ac- 
cording to Adrian and Keith Lucas,! the supernormal phase is a tem- 
porary overswing of the recovery curve of excitable tissue after the trans- 
mission of an impulse; during this phase, stimuli of an intensity which 
at any other time would be subliminal become effective. 

Since very few cases illustrating the characteristics of supernormal 
phase in man have been published, and since this interpretation has been 
contested by competent authorities in some of them, the report of two ad- 
ditional cases seems warranted. 

Case 1 (Fig. 1) is one of partial heart block with dropped beats; right 
axis deviation is present. The tracings were sent to us for examination 
some time ago and, unfortunately, the clinical data are not available. 

In this and subsequent tracings the P-P, R-R, P-R and R-P (or P-Q 
and Q-P) intervals were measured and expressed in hundredths of a 
second. The P-waves are numbered consecutively. The mechanism of the 
underlying rhythm is illustrated by means of accompanying keys. Since 
the P-waves were not infrequently fused with preceding T-waves, ac- 
curate measurements could not be made in some cycles. However, on no 
occasion does the error exceed 0.03 second. This does not invalidate 
either the interpretation or the conclusions drawn relative to the under- 
lying mechanism. 

Fig. 1A (Lead I) shows that the sinoauricular rate varies very little 
(P-P = 0.50-0.56 second ; rate — 107-120 beats per minute). The trac- 
ing comprises thirteen ventricular complexes with sixteen P-waves, three 
of which (the fifth, tenth, and fourteenth) are blocked. Whereas in the 
usual case of dropped beats a gradual lengthening of the P-R interval 
leads up to the dropped beat, the increase of the second over the first 
P-R interval being greater than the increase of the third P-R interval 
over the second, conditions in this ease are different. There is no gradual 
lengthening of the P-R interval. At the beginning of the tracing (Fig. 
1A), P-1 is fused with the T of the preceding ventricular complex and 
conducted with a P-R interval of 0.34 second. The next P, P-2, occurs 
much earlier in diastole, i.e., only 0.10 second after the beginning of the 
preceding initial ventricular complex and hence definitely before the be- 
ginning of T. Accordingly, one should expect that P-2 would be con- 
ducted more slowly than P-1, but actually its conduction time is shorter 

*From the New York Medical College and Flower Hospital, and Guy’s Hospital, 
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(P-R = 0.30 second). Owing to the faster conduction of P-2 and the 
resultant earlier appearance of the second QRS-complex, P-3 occurs com- 
paratively late in diastole (R-P interval — 0.26 second); therefore a 
more rapid conduction of this impulse, P-3, should be anticipated in ac- 
cordance with the usual relationship between the time of conduction and 
the length of the preceding recovery period.? Actually the reverse is ob- 


in diastole 


P-waves falling earlier 


discussion in text. 


Complete 


ach’s periods). 


dropped beats (Wenck eb: 


short A-V conduction time. 


Periodically 
abnormally 


1. 


1.—Case 
followed by 


are 


Fig. 


served; P-3 is conducted in 0.40 second. The fourth P-wave, P-4, again 
occurs early in diastole and again, contrary to the usual rule, is conducted 
in the short time of 0.26 second. The fifth P-wave, P-5, occurring after 
an R-P interval of 0.26 second, is blocked. Similar conditions are shown 
in the remaining cycles of Fig. 1A as well as in Fig. 1B and 1¢. 
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Fig. 1B obviously illustrates the same situation as Fig. 1A. In Fig. 10 
the P-waves are not quite so distinct, but their position can be deter- 
mined with a degree of accuracy sufficient to show that the same condi- 
tions prevail. The sixth P-wave is blocked; P-7 comes after a P-P in- 
terval of 0.56 second and follows the preceding Q-wave after 0.80 second ; 
on the other hand, P-2 follows Q-2 after the lapse of only 0.14 second, 
but is conducted with a P-Q interval of only 0.30 second. The three 
auricular impulses having the shortest conduction times (P-2, P-5, and 
P-10, 0.30, 0.28, and 0.29 second, respectively) are precisely the impulses 
which follow the preceding QRS-complexes after the shortest intervals 
(0.12-0.14 second). Here again, as far as the position of the P-waves 
ean be ascertained, it seems that the earlier the P-wave occurs in diastole 
the shorter its A-V conduction time. The only blocked P-wave in Fig. 10 
(P-6) occurs late in diastole (Q-P interval approximately 0.25 second). 
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Fig. 2.—P-waves occurring earlier in diastole (shorter R-P distance) are followed 
by a shorter conduction time to the ventricle (shorter P-R); short R-P intervals 
and short P-R intervals (x); long R-P intervals and longer P-R intervals (.). 

In Fig. 2 the relations between the R-P and the following P-R intervals 
are shown diagrammatically by plotting the R-P intervals as abscissas 
against the P-R intervals as ordinates. The only figures employed were 
those obtained when accurate measurements could be secured. It will be 
noted that short R-P intervals, i.e., of less than 0.15 second, are para- 
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doxically followed by short P-R intervals, up to 0.30 second (x), whereas 
after long R-P intervals (0.15-0.26 second) the P-R intervals range from 
0.32 to 0.41 second (. ). 

Accordingly, all three records show that auricular impulses occurring 
early in diastole are frequently conducted in a shorter time than those 
occurring late in diastole. Therefore, the length of the preceding recov- 
ery period cannot be the sole factor determining the length of the follow- 
ing P-R interval. Moreover, contrary to usual experience, those auricu- 
lar impulses which are blocked are usually not those which occur earliest 
in diastole, but latest. The fact that the auricular impulses which occur 
after equal R-P intervals are sometimes blocked and sometimes conducted 
is easily understood, since variations in the tone of the extracardiac 
nerves and in the excitability of the muscle*® are known to produce this 
in the various ordinary types of partial auriculoventricular block. 

Accordingly, the principal features of this case can be summarized as 
follows: In a case of sinoauricular rhythm with partial heart block 
and dropped beats, eight auricular impulses occurring 0.15 to 0.26 see- 
ond after the preceding ventricular beat are blocked, whereas forty-two 
sinoauricular beats occurring 0.10 to 0.26 second after the preceding 
ventricular beat are conducted. Those beats which show an unexpected 
decrease in the conduction time occur earliest in diastole (Q-P or R-P 
intervals, 0.10 to 0.14 second). These facts seem to warrant the conclu- 
sion that in this case there was a supernormal phase of recovery for 
P-waves occurring 0.10 to 0.14 second from the beginning of the preced- 


ing QRS-complex. 


Fig. 3.—Case 2. Prolonged P-R interval. 


Case 2 (Figs. 3 and 4).—The tracings were secured from an eighteen- 
year-old man suffering from myocarditis following tonsillitis. Several 
electrocardiograms showed merely sinus rhythm with lengthened auricu- 
loventricular conduction time (P-R interval — 0.31 second, Fig. 3). 
Upon one occasion only were conditions found similar to those evident in 
Case 1 (Fig. 4). 

This is also a ease of partial heart block with dropped beats. The P-P 
intervals can be accurately measured at various places and the sino- 
auricular rhythm is found to vary but little (P-P — 0.55-0.64 second; 
rate — 93-109 beats per minute). By measuring this distance backward 
and forward from distinct P-waves, the position of those P-waves which 
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are fused with T-waves can be interpolated in this manner with a fair 
degree of accuracy. 

The sixth P-wave (P-6), following 0.30 second after the preceding 
ventricular complex, is blocked; P-7, coming 0.57 second after P-6 and 
0.87 second after the preceding ventricular complex, is conducted with 
the long P-R interval of 0.34 second ; however, the next sinoauricular im- 
pulse (P-8) occurs about 0.25 second after the preceding QRS and is 
conducted much faster (P-R — 0.26 second). Here again, the earlier in 
diastole a conducted sinoauricular impulse oceurs, the faster it seems to 
be conducted. For example, P-3, coming after an R-P interval of 0.25 
second, is conducted in 0.25 second, whereas P-4, which oceurs 0.30 see- 
ond after the preceding ventricular complex, shows a P-R interval of 0.33 


second. 
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Fig. 5.—P-waves appearing earlier in diastole are paradoxically followed by shorter 
auriculoventricular conduction time. See Fig. 2 for symbols. 


Lead II (Fig. 4B) shows the same situation very clearly. The third 
P-wave (P-3) is blocked; therefore, P-4 occurs after a long period of 
recovery but is conducted with the long P-R interval of 0.35 second. The 
next sinoauricular impulse (P-5), occurring after the short R-P interval 
of 0.22 second, is conducted with a P-R interval of only 0.27 second ; but 
the next P-wave (P-6), coming later in diastole (R-P — 0.30 second), is 
conducted much more slowly (P-R = 0.34 second). The last six beats 
exhibit even greater variations in the same sense. The ninth P-wave 
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(P-9) is blocked; P-10, coming after a long period of recovery, is con- 
ducted slowly (P-R = 0.37 second). The subsequent P-waves reveal the 
following time relationships: P-11 (R-P — 0.22 second; P-R = 0.29 
second), P-12 (R-P = 0.30 second; P-R — 0.42 second), P-13 (R-P = 
0.22 second; P-R = 0.30 second). 

Since many of the P-waves are fused with T-waves, too much impor- 
tance cannot be attached to the figures themselves, but the condition of 
conduction and of the subsequent P-R intervals can be definitely ascer- 
tained and is strikingly similar to that in Case 1. The phenomenon must 
be interpreted in the same way, namely, as indicative of the presence of 
a supernormal phase of recovery affecting, in this case, impulses occur- 
ring from 0.22 to 0.25 second after the beginning of the preceding 
QRS-complex. 

The diagram of Fig. 5 (Case 2) demonstrates clearly that short R-P 
intervals are followed paradoxically by short P-R intervals (x), whereas 
the auriculoventricular conduction time after a longer diastole is usually 
much longer (. ). 


DISCUSSION 


The two cases described are both examples of partial heart block with 
dropped beats showing certain peculiarities not, commonly observed in 
such eases. In a great majority of instances of dropped beats, the 
omitted beat is preceded by a series of contractions exhibiting gradually 
increasing P-R intervals; the first beat conducted after the dropped beat 
exhibits the shortest P-R interval.?, Moreover, with rare exceptions,* ° 
the increase of the second P-R interval over the first is considerably 
greater than the third over the second. The explanation of this peculiar 
manner of increase of P-R intervals in the usual case of dropped beats 
lies in the fact that the refractory period of the first beat after the pause, 
which is stronger than the others owing to the longer period of recovery, 
is longer than that of sueceeding weaker ones, so that the second impulse 
meets tissues of considerably reduced responsiveness. This explanation 
is based upon experimental observations regarding the relation between 
the length of the refractory period and the length of the preceding rest 
period ;*: 7 it is supported by the clinical observation that in some eases 
of partial heart block with gradually lengthening P-R intervals and 
dropped beats the second ventricular complex, and this one alone, may 
exhibit an abnormal shape owing to aberrant intraventricular conduc- 
tion.® 

A comparison between the two cases under discussion and the usual 
variety of partial heart block with dropped beats reveals a fundamental 
difference, namely, that in the two cases not only was the dropped beat 
never foreshadowed by gradually lengthening P-R intervals, but the first 
conducted impulse after the dropped beat was transmitted with a longer 
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P-R interval than some of the succeeding ones; impulses falling early in 
diastole were conducted while those which were blocked occurred much 
later in diastole. Moreover, the earlier in diastole a sinoauricular im- 
pulse occurred, the shorter its conduction time usually was. This pecu- 
liar condition seems to us to be susceptible of explanation only by assum- 
ing that in these two cases a supernormal phase of recovery was present 
in early diastole during which an impulse yielded a response ; impulses 
falling later in diastole, and therefore after the supernormal phase, were 
below threshold and failed to elicit a response. Only after a long recov- 
ery period, created by the dropped beat, could the next impulse be trans- 
mitted to the ventricles ; but the lengthened P-R intervals of those beats 
are indicative of the extent to which the responsiveness of the tissues was 
impaired. 

A linear relationship between the R-P and the P-R intervals could not 
be traced in every instance. However, reference was made earlier to the 
fact that variations in the tone of the extracardiae nerves and in the 
excitability of the muscle are responsible for this alteration. 

A supernormal phase in the recovery curve was first described by 
Adrian and Keith Lucas! with regard to nerve fibers, and later by 
Adrian® in the ease of cardiac muscle under definite experimental condi- 
tions (perfusion with a relatively acid fluid); this was confirmed by 
Wastl’® and later by Gayda.'t The absolute refractory period after the 
transmission of an impulse is followed by a relative refractory period 
during which the tissues, at first, respond only to strong stimuli and sub- 
sequently, gradually, to weaker ones; but under certain conditions this 
recovery curve shows a temporary overswing. During this phase the 
tissues will respond to stimuli which would be subliminal at any other 
time. Consequently this phase was called the ‘‘supernormal phase.’’ 
Ashman"? demonstrated the presence of a supernormal phase of recovery 
in the compressed turtle heart, and Isayama‘ reported it in the recovery 
of the swallowing center. Junkmann’ found that the supernormal phase 
in the frog heart is followed by a subnormal phase and that recovery of 
conductivity shows similar oscillations, although the peak of the ‘‘super- 
normal phase’’ is always below the normal resting level. Lewis and 
Master,'* however, failed to find a supernormal phase in the dog’s heart, 
and Schellong*® pointed out that the deerease of excitability and con- 
ductivity of the heart after a longer standstill and their gradual increase 
during the next few beats must be distinguished from a true super- 
normal phase. 

t.¢ number of observations indicating the presence of a supernormal 
phase in man is very small. Lewis and Master’® and Ashman and Herr- 
mann”® have published electrocardiograms showing conducted sinoauricu- 
lar beats during one part of early diastole only, which they interpreted 
as indicating the presence of a supernormal phase. However, Wencke- 
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bach and Winterberg® showed that the cases of Lewis and Master and 
Case 1 of Ashman and Herrmann could be interpreted as instances of 
dissociation with interference between a faster atrioventricular rhythm 
and a partially blocked sinoauricular rhythm, the effective rate of the 
latter being slower than the atrioventricular rate, owing to the partial 
block, and that it was unnecessary to assume a supernormal phase in 
these cases. 

Luten and Pope" published a ease of 3:1 block in which sinoauricular 
impulses were conducted when they occurred in a ‘‘critical zone.’’ They 
explain this phenomenon by assuming a temporary increase of excitabil- 
ity of the ventricles, the cause of which remains obscure. In Wolferth’s 
ease'® of varying degree of heart block only those P-waves which oc- 
curred 0.45-0.70 second after the beginning of the preceding QRS were 
followed by QRS-complexes. While rejecting the assumption of a super- 
normal phase of recovery, this author explains this phenomenon by pos- 
tulating (1) a prolongation of the rest period in the block area prior to 
transmission produced by the meeting of an idioventricular impulse and 
an auricular one, and (2) a transient improvement of the nutrition of 
the area of block as the result of ventricular systole and increased blood 
flow. The latter would be analogous to the shortening of those inter- 
auricular intervals in cases of complete heart block during which an 
idioventricular beat oceurs. Jervell’s patient’? showed, at times, partial 
heart block and, at other times, complete heart block with occasionally 
conducted sinoauricular beats; only those P-waves which followed 0.50- 
0.55 second after the beginning of the preceding ventricular complex 
were conducted. 

Jervell points out that in his ease a supernormal phase is much more 
probable than dissociation with interference between an atrioventricular 
and a partially blocked sinoauricular rhythm (5:1 block in his Fig. 2, 
irregular block in his Fig. 1), although the latter interpretation cannot 
be absolutely dismissed. 

In the two eases under discussion, the assumption of a supernormal 
phase seems to us the sole satisfactory explanation. Obviously, these 
cannot be cases of dissociation with interference, for this would not 
explain the fact that P-waves occurring early in diastole are conducted, 
whereas those coming later may be blocked; moreover, it would not ac- 
count for the longer interventricular intervals seen in Case 1 (those 
intervals are almost three times as long as the preceding P-R intervals). 
Nor can the explanation advaneed by Wolferth for his case be applied 
since there is no complete block in our cases. Our interpretation of 
these cases as examples of the presence of a supernormal phase is based 
upon the following points: 

1. Only those P-waves which occurred over a limited period of early 
diastole were followed by a ventricular response, whereas sinoauricular 
impulses occurring later in diastole were sometimes blocked. 
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2. When the P-waves were sufficiently distinct to allow accurate meas- 
urements to be made it was found that, within certain limits, the earlier 
in diastole the sinoauricular impulses occurred, the shorter the P-R 
intervals with which they were conducted. The P-R intervals of beats 
occurring very early in diastole were considerably shorter than the P-R 
intervals of the beats which occurred after a dropped beat. The same 
relationship also seemed to exist when accurate measurements were im- 
possible owing to fusion of the P-waves with the preceding T-waves, but 
when the position of the P-waves could be ascertained with a fair degree 
of accuracy because of the constant auricular rate. 

3. The usual lengthening of the P-R intervals leading up to a dropped 
beat was never observed in our cases. 

4. Alternative explanations, advanced in the literature for similar 
though not identical cases, were shown to be inapplicable to the two 
cases under discussion since the cases reported by others might be inter- 
preted as examples of dissociation with interference in the presence of 
partial block. 

5. In experimental studies the supernormal phase was noted when the 
tissues were surrounded by a relatively acid fluid; on the other hand, 
it has been shown that the rate of propagation of the excitatory process 
in perfused hearts of terrapins and dogs”° and in the mammalian auri- 
cle is decreased by relatively acid perfusates. In both of our cases the 
A-V conduction was greatly depressed, as shown by the considerable 
lengthening of the P-R intervals of the beats following a dropped beat. 
Although the assumption of an increased acidity of tissue fluids must 
remain hypothetical, it would be one factor which might account for the 
presence of a supernormal phase as well as for the lemgthening of the 
P-R intervals of beats occurring after a long period of recovery. 

A diseussion of the question of which property of the heart shows the 
supernormal phase, i.e., whether it is the excitability of the muscle or ¢ 
special quality, ‘‘conductivity,’’ is not contemplated. Following Lewis,’ 
the writers prefer for the present to sum up those properties in the gen- 
eral term, tissue responsiveness. 


SUMMARY 


Two cases of partial heart block with dropped beats are described. 
They present the unusual feature that auricular impulses occurring at a 
certain early phase of diastole were conducted faster than those which 
occurred later in diastole. Those auricular impulses which were blocked 
occurred late in diastole and, within certain explicable limits, later than 
the conducted impulses. This phenomenon is explained by assuming a 
supernormal phase of recovery. 


13. 
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Department of Clinical Reports 


MYXEDEMA WITH MULTIPLE SEROUS EFFUSIONS AND 
CARDIAC INVOLVEMENT (MYXEDEMA HEART) 


CasE REport* 


EuGeNE R. M.D., anp Saverio Franco, M.D. 
BrooKLyn, N. Y. 


HE following case of myxedema is being reported because the pa- 

tient had pericardial and pleural effusion and ascites with cardiac 
involvement (myxedema heart) and was successfully followed over a 
period of ten years. 


L. M. M., a white woman, 48 years old, was first admitted to the Long Island 
College Hospital Feb. 11, 1927, and thereafter was readmitted on six other occasions. 
On the first admission she complained of cough, shortness of breath, and early 
fatigue. She had been incapacitated for four months. As an adult, she was well 
until 1922. At this time she was in Scotland and there she sought medical aid 
because of weakness, shortness of breath, and swelling of the abdomen. Five 
abdominal paracenteses were done in a period of one year and each time about 
sixteen pints of fluid were removed. She improved, and on being discharged was 
told that she had ‘‘liver trouble.’ Her family history was irrelevant. She was 
married at the age of 24 years and had three normal pregnancies and one spontane- 


ous miscarriage. No history of venereal infection. Her menopause occurred at the 


age of 47 years without unusual symptoms. 

Physical Examination on the first admission to the Long Island College Hospital 
revealed a moderately well-nourished woman 48 years of age. Her temperature was 
98° F., her pulse rate 76, her respiratory rate 20, and her blood pressure 165/110. 
The left border of cardiac dullness was in the midaxillary line and the right border 


of dullness 5 em. from the midline in the fourth right intercostal space. On the 
left side of the lower thorax there was dullness with tubular breathing. The edge 
of the liver was 9 em. below the costal margin. The abdomen was full. Dullness 


was present in both flanks and a fluid wave was elicited. There was no edema of 


the extremities. 

The erythrocyte count was 4,600,000, the hemoglobin 80 per cent, and the total 
and differential leucocyte counts normal. The blood Wassermann reaction was 
negative. Examination of the urine and chemical examination of the blood showed 
nothing abnormal. The total serum protein was 6.40%, the serum albumin 3.79%, 
and the serum globulin 2.61%. A roentgenogram of the thorax suggested the 
presence of pericardial effusion. Pericardial paracentesis was done and 240 c.c. 
of a straw-colored fluid were removed. The specific gravity was 1.018; there were 
400 cells per ¢.mm., 99 per cent of which were lymphocytes. This fluid was sterile 
and guinea pig inoculation revealed no tubercle bacilli. The patient improved and 
left the hospital March 6, 1927. 


*From the department of Medicine of Long Island College Hospital. 
Received for publication Aug. 13, 1938. 


368 


MARZULLO AND FRANCO: MYXEDEMA HEART 369 


Fig. 1.—Patient L. M. on June 11, 1932. 


Fig. 2.—Teleoroentgenogram taken June 17, 1932. 
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Three weeks later she was readmitted because of a recurrence of her complaints 
and, in addition, swelling of the abdomen. Signs of pericardial effusion were again 
The liver extended 6 cm. below the costal margin and again an abdominal 


present. 
The hemoglobin was 


fluid wave was obtained. There was no edema of the legs. 
58% and the erythrocyte count 2,500,000. The urine contained a trace of albumin 
but no sugar; its specific gravity was 1.022; the microscopic examination was nega- 
tive. A roentgenogram of the thorax again confirmed the presence of pericardial 
effusion; 1200 ¢.c. were removed, and the fluid was found to have a specific gravity 
of 1.022 and an albumin content of 50 grams per liter. Culture of this fluid revealed 
no growth, and a-guinea pig inoculation was negative. The abdominal fluid dis- 
appeared with salyrgan therapy. The patient was discharged improved. 

On June 5, 1927, she was readmitted because of recurrence of swelling of the 
abdomen, shortness of breath, swelling of the thighs, and weakness. Moderate edema 
of the face was present. Evidence of pericardial effusion and ascites was again 
present, and a pericardial paracentesis yielded 1200 ¢.c. of a straw-colored fluid 
which was sterile on culture and negative on guinea pig inoculation. Salyrgan was 
administered for the ascites. The patient improved and was discharged on June 18. 


Fig. 3.—Patient L. M. on Oct. 5, 1934. 


The fourth admission took place on Aug. 8, 1927. Symptoms and signs similar to 
those on previous admissions were present. This time a pericardial tap yielded 
1600 ¢.ec. of a straw-colored fluid; the specific gravity was 1.020, and it contained 
2600 cells per cubic millimeter, 96 per cent of which were lymphocytes. This fluid 
contained 32 gm. of albumin per liter; it was sterile on culture, and a guinea pig 
injected with it remained well. The patient was discharged in a few days but was 
readmitted Oct. 4, 1927, at which time 2300 c¢.c. of fluid were removed from the right 
pleural cavity. Salyrgan was administered for the ascites. 

In June, 1932, she was readmitted to the hospital. At this time she showed im- 
paired hearing, a mild degree of alopecia, and a dry, thin, wrinkled, aged-looking 
skin. The transverse diameter of the heart was found to measure 10 cm. in the 
fifth intercostal space. The heart sounds were faint and short. There was no evi- 
dence of pericardial fluid. The liver was palpable 3 cm. below the costal border. 
A teleoroentgenogram at this time showed the heart to be moderately enlarged; this 
enlargement was left-sided, involving the left ventricle and left auricle. The hemo- 
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globin was 65 per cent, and the blood cholesterol 357 mg. per 100 cc. The basal 
metabolic rate was minus 50 per cent. At this time it was recognized that the patient 
was suffering from hypothyroidism, and it was conceived that all of her past symp- 
toms and signs might have been manifestations of myxedema. The experimental 
work of Tatum,! and of Goldberg,2 gave support to this idea, and the patient was 


placed on thyroid therapy. On June 25, 1932, thyroid gland, in doses of 1 grain 
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three times per day, was given. Later the dose was increased to 144 grains three 
times per day, and 2 grains three times per day and on July 20 it was increased 
to 3 grains three times per day. In thirty days the patient stated that she felt 
better than she had in years. By July 2 the pulse rate had increased to 120 and the 
patient complained of headache and epigastric distress. The dose of thyroid sub- 
stance was reduced for two days and on July 4 it was discontinued until July 13. 
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The basal metabolic rate on July 6 was minus 5 per cent. An electrocardiogram 
showed but little improvement. On July 11 the blood cholesterol was 170 mg. per 
cent. On July 13 thyroid therapy was resumed in doses of 1 grain, three times 
per day. The basal metabolic rate on this day was minus 16.9 per cent, and on 
August 6 it was minus 2.6 per cent. When the patient was discharged she was given 
thyroid gland in doses of % grain three times per day, and 30 grains of ferric 
and ammonium citrates, three times per day. She continued to take % grain 
of thyroid gland three times per day by mouth, and entered the hospital Nov. 30, 
1932, for a comparative study. At this time it was noted that she was greatly im- 
proved, her color was better, her hemoglobin was 72 per cent and her hair had 


Fig. 5.—Teleoroentgenogram taken March 12, 1937. 


grown in and was thick. The skin had lost its thinness and was no longer dry. The 
edge of the liver could not be felt. A teleoroentgenogram showed no improvement. 
The electrocardiogram, however, showed improvement, especially in Leads II and ITI, 
in which the P- and T-waves were now evident. The basal metabolic rate was plus 
10 per cent. The patient was discharged in one day and advised to take % grain 
of thyroid gland, three times per day. She returned in February, 1933, for follow-up 
study. <A teleoroentgenogram showed improvement. The basal metabolic rate on 
February 25, however, was minus 20 per cent. The dose of thyroid gland was 
increased to 11% grains three times per day, and on March 10 the basal metabolic 
rate was minus 2 per cent. At this time the patient had no complaints, and for 
the first time in seven years she was able to work and become self supporting. She 
has maintained this state of health on 4% grain of thyroid extract three times per 
day, with occasional periods of one to two weeks without any medication. 
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Experimentally, it has been known for a long time that collections of 
fluid in serous cavities may occur in thyroidectomized animals. 

In 1913, Tatum’ encountered effusion in the pericardium and peri- 
toneum of thyroidectomized rabbits and, in 1927, Goldberg? reported 
collections of fluid in serous cavities in thyroidectomized sheep. 

The pathology of myxedema heart is not too well defined. We have 
seen a patient with myxedema die quite suddenly, and post-mortem 
examination of the heart grossly and microscopically showed a normal 
myocardium. 

Lerman, Clark and Means* (1933) state that there have been five 
autopsies on ‘‘myxedema heart’’ patients at the Massachusetts General 
Hospital. Three died from complicating infections, one died of un- 
known cause, and one died of arteriosclerotic heart disease. Four 
showed interstitial edema with more or less fibrosis of the heart muscle, 
and the fifth showed fibrosis only. Two of their autopsied patients who 
did not receive thyroid before death had fluid in the pericardial sac. 
One patient had 150 ¢.c. and the other had over one liter. They refer to 
the report of the Clinical Society of London, published in 1888, in which 
pathologie findings in twenty cases were reviewed. One-third had left 
ventricular hypertrophy, one-half had arteriosclerosis. In nine eases a 
microscopic examination was done, and in three of these there was 
interstitial myocarditis. Goldberg? (1927) reported on seventeen ani- 
mals thyroidectomized at birth and autopsied after one to two years. He 
found ascites, anasarea, hydrothorax, hydropericardium, passive con- 
gestion of lungs and liver, and arteriosclerosis. The hearts were dilated, 
pale, and flabby. There was disintegration of the heart muscle fibers. 
From these findings the factors present in myxedema heart can be the 
following: (1) interstitial edema, (2) fibrosis, (3) pericardial effusions. 

It should be noted that not every patient with myxedema develops 
myxedema heart. Fahr* (1932) states that out of seventeen cases of 
severe and moderately severe myxedema, only thirteen (75 per cent) 
showed symptoms and signs of heart involvement. 


COMMENT 


It is interesting to note that this patient, when first seen, was con- 
sidered to have Pick’s disease. Tuberculosis of serous membranes was 
considered and disproved by the fluid examinations, the negative results 
of guinea pig inoculations, and the clinical course. Cirrhosis of the liver 
was considered but could not be substantiated. There can be little doubt 
that this case was one of severe myxedema. Whether the effusions found 
in such eases are the direct result of congestive heart failure or are an 
exudative accumulation from myxedema per se has been questioned. In 
this ease congestive heart failure did not exist and it could not therefore 
play a significant part in the production of the serous effusions. The 
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serum proteins were normal. The fact that the effusions recurred until 
adequate thyroid therapy was established suggests that myxedema alone 
was the principal factor in this ease. 

The development of ascites in early life, at the age of 32 years, with 
subsequent effusion in the pericardium and pleura, and the successful 
ten year follow-up study are important, and allow a clearer understand- 
ing of the clinical course of myxedema. The importance of hypo- 
thyroidism as a possible etiological factor in the differential diagnosis in 
such eases is emphasized. 

In this ease the high blood cholesterol (340 mg. per 100 ¢.c.) became 
normal (180 mg.) after approximately one and a half years of thyroid 
therapy. The electrocardiogram became normal after almost three years 
of treatment and the heart size did not become normal until six years of 
treatment had elapsed. 


CONCLUSION 


A ease of severe myxedema is presented in which there were the usual 
signs of myxedema heart and polyserous effusions. The patient has been 
under treatment for ten years and continues to be well. The effusions 
occurred in the absence of significant congestive heart failure and it is 
suggested that myxedema per se was the cause of the effusions. 


The authors express grateful thanks to Dr. Alexis Mays of Brooklyn for his 
cooperation in the interpretation of the electrocardiograms, and to Dr. A. L. L. Bell 
of Brooklyn for his kind help in the study of the teleoroentgenograms. 
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MYOCARDIAL INFARCTION WITH RUPTURE OF THE SEPTUM 
REPORT OF A CASE* 


Roy W. Scort, M.D., anp Curtis F. Garvin, M.D. 
CLEVELAND, OHIO 


ATHAM,? in 1845, was the first to describe rupture of the infarcted 
% septum of the heart. From time to time others have described the 
clinical and pathologie features of this condition so that Sayer,? in 1934, 
was able to collect seventeen cases, to: which he added one more. Since 
then Kepler, Berkman and Barnes,* Master and Jaffe,t Nadler,®> Mahr- 
burg,® Bickel and Mozer,’ Huber,’ Gross and Schwartz,® Stern,?® and 
Stanley" have reported additional cases. 

In only three cases of rupture of the infarcted septum has the correct 
diagnosis been made during life.‘ Most of the errors have probably 
been due to lack of familiarity with the condition. Briefly, the symptoms 
and signs are those of myocardial infarction plus the distinguishing find- 
ings of an interventricular septal defect. The picture of myocardial in- 
faretion is well known and need not be described. Since the intra- 
ventricular pressure is higher in the left than in the right ventricle, 
patency of the septum permits the passage of blood between the two 
chambers during systole and causes a loud systolic murmur over the 
whole precordium, often accompanied by a palpable thrill. 


CASE REPORT 


C. M., a 56-year-old white man, American, entered the Cleveland City Hospital 
Jan. 17, 1931. He had been in good health until Jan. 3, 1931 (two weeks before ad- 
mission), when he suddenly became dizzy and fell over unconscious. He remained 
unconscious for two days. Subsequently he was completely disoriented and had 
various delusions and hallucinations. He was accordingly admitted to the psycho- 
pathic division for observation and treatment. 

General physical examination at the time of admission gave essentially negative 
results except that there was evidence of rather marked arteriosclerosis, The heart 
was normal. The blood pressure was 135/90. 

On neurological examination, the pupils were large and equal but did not react to 
light or in accommodation, and the consensual reflex was absent. The muscles sup- 
plied by the oculomotor nerve were paralyzed on the right and were weak on the 
left. The tendon reflexes were slightly increased on the left and there was a ques- 
tionable hyperesthesia of the right side of the face. 

The Wassermann reaction on the blood and the spinal fluid was negative. 

It was felt that the patient had generalized arteriosclerosis, arteriosclerotic 
dementia, and vascular thrombosis with encephalomalacia in the midbrain. 

*From the Department of Medicine of Cleveland City Hospital and the School of 
Medicine of Western Reserve University. 
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1931, when the patient was 


The hospital course was uneventful until Feb. 21, 
No 


found to have a temperature of 39° C. and a respiratory rate of 40 per minute. 
history could be obtained from the patient. Examination at this time failed to dis- 
close the cause of the fever and increased respiratory rate. 

Four days later, February 25, rales were found at the bases of the lungs, and the 
patient was considered to have bronchopneumonia. The temperature remained at 39° 


C. and the respiratory rate was 30 per minute. 


Fig. 1.—Photograph of left ventricle with arrow indicating the septal defect. 


On March 2, over the entire precordium there was heard a loud systolic murmur 


which was transmitted to the base of the heart and to the left axilla. The murmur 


lasted throughout systole and was accompanied by a palpable thrill. The thrill 
was very accessible and the murmur was intense. At this time there were signs of 
consolidation at the right base. The leucocyte count was 22,400 per cubic millimeter. 

The blood pressure was 98/60. 
the respiratory rate varied between 40 and 50 per minute. 


It was believed that the patient had bronchopneumonia and, associated with this, 


The temperature continued to average 39° C. and 


bacterial endocarditis of the aortic valve. 

Blood cultures were taken but showed no growth. 
1931, twenty days after the onset of his acute illness. 
Generalized arteriosclerosis; arteriosclerotic 


9 


The patient died March 12, 


The final clinical diagnoses were: 
dementia; vascular thrombosis with encephalomalacia in the midbrain; broncho- 


pneumonia, right lower lobe; acute bacterial endocarditis involving the aortic valve. 
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A post-mortem examination was performed the day following death. The heart 
weighed 550 gm. The right auricle showed many marantie thrombi. There was an 
irregular funnel-shaped hole in the anterior portion of the interventricular septum 
approximately midway between the apex and the base (6 em. from the apex). This 
fistula between the ventricles measured 1.1 em. in its anteroposterior dimension and 
1.8 em. in its vertical dimension on the left ventricular side (Fig. 1). The opening 
on the right ventricular side was roughly circular and measured 1 cm. in diameter 
(Fig. 2). The edges of the lesion consisted of necrotic muscle tissue. The entire 
area of necrosis was roughly circular and measured 3 cm. in diameter. Anteriorly, 
the area extended through to the epicardial surface over the interventricular septum. 


Fig. 2.—Photograph of right ventricle with arrow indicating the septal defect, 


The coronary arteries all showed marked arteriosclerosis, which was so severe as 
to cause occlusion of the right posterior descending ramus, but no thrombus was 
present. 

The brain showed three areas of encephalomalacia, none of which exceeded 1 em. 
in any dimension. They were located in the anterior portion of the thalamus, in 
the posterior pole of the corpus striatum, and in the pons. The cerebral arteries 
were markedly sclerotic. There was an infarct in the lower lobe of the right lung. 

Microscopic examination of the interventricular septum revealed large areas in 
which the muscle fibers had lost their characteristic staining affinities. The nuclei 
were pale-staining, pyknotic, and in places showed karyorrhexis. There were areas 
of acute necrosis and of Jeucocytic infiltration. The cellular infiltrations were like- 
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wise undergoing necrosis. The vessels in the section showed moderate thickening of 
the walls, especially of the intima. The lesion was definitely that of acute infarction. 

The final pathologic diagnoses were: Generalized arteriosclerosis, moderate; 
coronary sclerosis, severe, with occlusion of posterior descending ramus; acute 
myocardial infarction of interventricular septum with fistula formation between 
right and left ventricles; cerebral arteriosclerosis, severe; multiple areas of en- 
cephalomalacia; cardiac hypertrophy and dilatation; pulmonary artery thrombosis; 
pulmonary infarct, right lower lobe. 


COMMENT 


This case was very characteristic of rupture of the infarcted inter- 
ventricular septum. The condition is rare and usually not recognized 
clinically, but nevertheless is susceptible of diagnosis if it is remembered 
that the symptoms and signs are those of myocardial infarction plus 
those of an interventricular defect. 
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Selected Abstracts 


Gregg, Donald E., and Dewald, Donald: The Immediate Effects of the Occlusion 
of the Coronary Veins on Collateral Blood Flow in the Coronary Arteries. Am. 
J. Physiol. 124: 435, 1938. 


It has been established after acute coronary sinus ligation that: 

The peripheral coronary backflow is markedly elevated in the ramus descendens 
anterior (up to 39 ¢.c. per min.), but not in the right coronary. 

The maximum retrograde flow is reached in from ten to thirty minutes and 
following sinus release does not immediately return to the control backflow figure 
(maximum of approximately 1.0 ¢.c. per minute). 

The blood is highly unsaturated, containing only 3 to 4 volumes per cent 
oxygen. 

Such a volume of blood with its low oxygen content is not sufficient to prevent 
failure of contraction when central occlusion of a coronary ramus is added to 
sinus ligation and hence is of no material value to the potentially infarcted myo- 
area. 


AUTHORS. 


Hiibener, G.: Intraventricular Conduction Defects. Deutsche med. Wehnschr. 64: 
1222, 1938. 


This is a report of 66 cases of intraventricular conduction defects. The old 
terminology is used in classifying the location of the lesion. 


WOMEN MEN 
Right-sided bundle branch block 3 19 
Left-sided bundle branch block 0 1 
Incomplete double-sided block 1 24 
Transition between complete and in- 2 16 

complete block 
6 60 


The author fails to understand the difference between sexes. 
The age incidence was 45 to 85 years, except one woman who was 35 years old. 


CASES CASES 
No symptoms 7 Blood pressure above 230 4 
Dyspnea 5 Blood pressure, 160 to 230 32 
Congestive cough 2 Blood pressure, 130 to 159 22 
Angina pectoris 28 Blood pressure below 130 8 


Twenty-four patients showed no changes in x-ray shadow. 
The form of the block did not seem to affect mortality. Three cases had been 
observed forty-five to forty-eight years, twelve cases, thirty-six months. 
For therapy, digitalis was used, only reluctantly and in minimum doses. 
Quinidine was given prophylactically against auricular fibrillation and flutter. 
JENSEN. 
379 
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Enghoff, H., and Liedholm, K.: Concerning Cheyne-Stokes Breathing. Upsala 
likaref. forh. 44: 1, 1938. 


A historical survey shows that the phenomenon has especially been studied 
by Traube and by Filehne. The literature on the symptomatology is fully dis- 
eussed. Cheyne-Stokes breathing occurs in direct injury to the brain, especially 
the medulla, as a result of breathing air poor in oxygen, in hibernating animals, 
in children just as they are about to go to sleep, also during sleep at a certain 
depth, both physiologic and when produced by drugs. It oceurs in degenerative 
heart disease, valvular heart disease, and in many diseases involving the central 
nervous system, including diabetic and uremic coma. The various attempts at 
explaining Cheyne-Stokes breathing are discussed; it may be an exaggeration of 
a normal phenomenon. 

Cheyne-Stokes phenomenon involves respiration, circulation, and the central 
nervous system. Respiratory phases alternate with periods of apnea; the change 
between the two is gradual, and when respiration is most intense, the expiratory 
effort is diminished. The onset of the respiratory phase is more abrupt than its 
cessation. When the respiratory phases are measured with the subsequent periods 
of apnea the entire period is more constant than when they are measured with 
the preceding periods. These facts indicate that the period begins with the re- 
spiratory phase. There is a definite negative correlation between the respiratory 
phase and the subsequent interval, but no correlation between the respiratory 
phase and the preceding interval. This finding is tested statistically. This is 
contrary to the usual relationship between hyperpnea and apnea, and they can, 
therefore, not be cause and effect. During the respiratory periods, hyperventila- 
tion is produced by increase in the number of respirations, not by increasing the 
depths of the individual respirations. Blood pressure and electrocardiogram are 
not affected by Cheyne-Stokes respiration. Carbon-dioxide and oxygen inhalations 
and metaphyllin will sometimes relieve the symptom. 

The authors conclude that the respiratory change is the primary factor and 
that the cause is in the respiratory center. Perhaps there is an inherent rhythm 
of the center, normally under control of higher centers, but occasionally dis- 


sociated therefrom. JENSEN 


Robb, Jane Sands, and Robb, Robert C.: Localization of Cardiac Infarcts in Man. 
Am. J. M. Se. 197: 7, 1939. 


This review of the published cases of various authors illustrates the essential 
agreement between the topographic (anterior and posterior) and the specific 
(musele bundle) methods of localization. Among the cases surveyed, there 
are no glaring discrepancies, i.e., no anterior or posterior localization which 
could not equally well be explained by muscle bundle localization. On the other 
hand, instances are quoted where the muscle bundle localization would reconcile 
published discrepancies, e.g., right or left, and the ‘‘confusing cases’’ discussed 
by various authors. The muscle bundle method offers four specific types of electro- 
eardiograms and a basis for analysis of combined lesions, whereas the T,, T, 
method of classification is shown not to include all the commonly found com- 
binations and moreover, T,, T, classifications are not necessarily mutually ex- 
elusive. AUTHORS. 


Robb, Jane Sands, and Robb, Robert C.: Localization of Cardiac Infarcts in Man. 
Am. J. M. Se. 197: 17, 1939. 
The T,, T, method of localization is valuable where infarcts occur in the more 
common localities, and under these conditions there is close agreement with the 
muscle bundle method. 
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Numerous authors report difficulty in localization when the infarcts involve 
an unusual site. When a reciprocal relation of T, to T, is lacking, application of 
this principle becomes difficult. It is shown that this reciprocal relation often is 
lacking. 

The muscle bundle method of localization, supported by experimental work, 
has been applied to the analysis of seventy-seven cases, forty-eight with ade- 
quate autopsy reports from literature and twenty-nine new reports. When one 
of the four characteristic electrocardiograms appears there is no doubt as to the 
muscle involved, but to specify which portion, or the extent of the lesion, or the 
cause of the disturbance in conduction within the one muscle bundle is not 
possible. 

A short review of the suverficial and deep bulbo- and sinospiral muscles to- 
gether with their function and blood supply is offered. 

As a ‘‘thumbnail’’ diagnostic method one may ignore Lead II and note that 
R-T, depression indicates involvement of the superficial bulbospiral muscle; if 
R-T, is depressed the deep sinospiral must be implicated; and superficial sino- 
spiral lesion raises both R-T, and R-T, above the iso-electric level. R-T takeoff 
from the peak of R (or near the peak) in all leads, especially in the presence of 
low voltage, indicates a deep bulbospiral lesion. Inequality of the R bases is to 
be sought and its presence is more instructive than its amplitude. 

Clinical findings may fortify the experimental conclusions and the electro- 
eardiographic interpretation in the following respects: Severe pain is often present 
when the superficial muscles are involved, and if the lesion is anterior a friction 
rub may be heard. Deep muscle injuries precipitate large and abrupt falls of 
blood pressure associated with variegated and atypical pain sensations generally 
accentuated by effort. 

Inference as to etiology from the electrocardiogram alone is not justified, since 
many different pathologic changes may result in a similar effect on conduction. 

Displacements of R-T do not disappear as rapidly clinically as when infarction 
is experimentally produced by ligating a vessel in an otherwise normal heart, for 
seldom does one find in man occlusion of one vessel without disturbance of the 
collateral circulation (Gross and Calef). 

We confirm the findings of Harris and Hussey and of Gross and Calef, modifying 
the conclusion of the latter to read ‘‘ocelusion of the left anterior descending 
coronary artery proximal to the branch to the deep sinospiral and distal to the 
origin of the circumflex branch results in R-T, elevation and R-T, depression.’’ It is 
shown that this type of record can be obtained from right and from posterior 
lesions as well. 

The superficial muscles may be infarcted repeatedly and death may ensue when 
a deep muscle is eventually involved, or from some noncardiac cause. 

The prognosis for deep sinospiral lesions is graver and treatment of an attack 
should be more rigid and much more prolonged. 

Infarcts of the deep bulbospiral are even more serious and often result in 


sudden death. 
AUTHORS. 


Hedley, O. F.: Incidence of Rheumatic Heart Disease Among College Students 
in the United States. Public Health Reports 53: 1635, 1938. 


Among 104,163 student health examinations in eighty-six colleges and uni- 
versities in the United States, 1,207 cases of rheumatic heart disease, a rate of 11.6 
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per 1,000, were reported. Among 63,828 men students, 607 cases, or 9.5 per 1,000, 
were reported, while among 40,335 women students, 600 cases, or 14.9 per 1,000, 
were indicated. 

The reported incidence of rheumatic heart disease showed an inverse relation- 
ship to the size of the college or university and the number of student health 
examinations reported. 

In fourteen large universities with affiliated medical schools reporting at least 
1,500 student health examinations, and where student health services are affiliated 
with the American Student Health Association, among 46,098 student health ex- 
aminations 296 cases were reported—an incidence of 6.4 per 1,000. 

It is doubtful whether sex is an important factor in the incidence of this dis- 
ease among college students. 

In contradistinction to adult type pulmonary tuberculosis, the reported in- 
cidence of rheumatic heart disease is lower in institutions with well-organized 
health services. The problem in rheumatic heart disease is not primarily case- 
finding but the detection and interpretation of physical signs. 

While it is suggested that persons with physical signs suggesting heart disease 
or having past histories of rheumatic infection be subjected to complete cardio- 
vascular surveys, there is no objective method for the mass diagnosis of rheumatic 
heart disease comparable to tuberculin testing and x-raying the chest for the de- 
tection of adult type pulmonary tuberculosis. The diagnosis of rheumatic heart 
disease is dependent in a large measure on the interest, skill, and experience of 
the individual examining physician. For this reason, the services of well-qualified 
consultants should be obtained wherever feasible to pass upon doubtful cases and 
to evaluate the functional status of known cases. 

To a certain extent it is almost inevitable that more diagnoses of heart disease 
are made in smaller institutions. Even under the most favorable circumstances it 
is difficult to evaluate certain physical signs suggesting heart disease. 

An unwarranted diagnosis of heart disease may seriously affect a student’s 
career, both in college and in later years. Painstaking examinations and kindly 
reassurance are necessary to dispel cardiac neuroses. 

In the diagnosis of rheumatic heart disease it should be borne in mind that it is 
an acquired condition due to an infection. In most cases where a significant his- 
tory and physical signs are indicative of this disease, the examination should be 
interpreted in the light of the past and present history of rheumatic infection, to- 
gether with its influence upon functional capacity. 

AUTHOR. 


Baker, Thomas W., and Willius, Fredrick A.: Coronary Thrombosis Among 
Women. Am. J. M. Se. 196: 815, 1938. 


Only two striking differences were noted in coronary thrombosis among women, 
as compared with men. The first is its relative infrequency among women; the 
ratio of men to women approximates 7 to 1. The second striking difference is the 
tendency for the disease to occur later in life among women; the average age of 
women was 6 years greater than the average age of men. The relatively late 
appearance in life is presented more vividly if one recalls the fact that, in this 
series of cases, coronary thrombosis was recorded in 89 per cent of the cases in 
which women were between the ages of 50 and 80 years and in 79 per cent of cases 
in which men were of the same age. It appears justifiable, therefore, to assume 
that women are less susceptible to the development of coronary thrombosis than 
are men, and that when it occurs among women, it tends to occur later in life. 

The association of hypertension, diabetes mellitus, and other conditions appears 
only to bear a relationship compatible with the predominant age periods rep- 


resented by the group of patients included in this study. 
AUTHORS. 
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de Boer, S.: Researches on the Electrocardiogram. Cardiologia 2: 292, 1938. 


Lewis’ theory of limited potential differences was criticized by experiments. 

By experiments it was demonstrated that it is impossible to determine the 
direction of the contraction wave through the heart by Lewis’ method. 

According to Craib a monophasic curve can be produced only (1) if the heart 
is suspended in the air, (2) if the excitation wave passes under one electrode, 
(3) if the impulse dies out at a region exhibiting conspicuous injury current. 
This theory is not right, in all three respects. De Boer obtained monophasic 
eurves during the small alternating systoles (therefore without injury current) 
with indirect lead (the excitation wave, therefore, does not pass under one elec- 
trode). The hearts were left in situ (therefore, not suspended in the air). 

The ventricular electrogram of extrasystoles and the after-retardation of the 
excitation wave are rendered intelligible in the light of the interference theory. 

The author demonstrated that it is only possible to explain all the known facts 


if one accepts the interference theory. 
AUTHOR. 


Grossman, Edward B., and Williams, John R., Jr.: Relation of Age to Renal 
Pressor Substance. Arch. Int. Med. 62: 799, 1938. 


Extracts containing renal pressor substance (renin) were administered to 
rats of various ages in doses proportional to the body surface. The youngest rats 
(6 to 10 weeks old) showed the least rise in blood pressure; the oldest (24% years) 
displayed the greatest pressor effect, and intermediate responses were displayed 
by rats of intermediate age (6 months to 2 years). On the other hand, the 
youngest rats had the most pressor substance in their own kidneys, and the 
oldest rats had the least. 

The greater sensitivity of the oldest animals to renal pressor substance did not 
appear to be dependent on a general increase in reactivity to all pressor agents, 
for the administration of epinephrine produced as great a rise in blood pressure in 
the young as it did in the older animals. 

The experiments suggest a possible relation between the increased sensitivity of 
senile rats to renal pressor substance and the tendency of elderly persons to show 
hypertension. However, it is concluded that no convincing evidence of such a 


relation exists at present. 
AUTHORS. 


Massie, Edward, Ethridge, Clayton B., and O’Hare, James P.: Thiocyanate 
Therapy in Vascular Hypertension. New England J. Med. 219: 736, 1938. 


Sodium thiocyanate was administered according to the method of Barker 
under carefully controlled conditions to fourteen patients suffering from un- 
complicated vascular hypertension. 

Prior to the administration of sodium thiocyanate all direct therapy was dis- 
continued and control observations were made for three months. There followed 
a test period of like duration during which a 5 per cent solution of sodium thio- 
cyanate in syrup of wild cherry was given orally. This interval was followed by 
another control period of three months during which the syrup alone was ad- 
ministered in comparable dosage. 

The dosage was controlled by the blood cyanate concentration, the optimum 
level of which was found to range between 5 and 7 mg. per cent. The daily 
amount of sodium thiocyanate which produced and maintained this level varied 


for different patients. 
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A lowering blood pressure was obtained in every case. The average fall 
ranged from 66 to 21 mm. systolic and 33 to 8 mm. diastolic. 

Marked symptomatic relief, especially of headache, nervousness, and vertigo, 
was obtained in twelve of the patients. 

Toxic symptoms observed were occasional episodes of transient weakness and 
infrequent attacks of mild epigastric distress. In addition, nausea, vomiting, and 
marked weakness occurred in one patient and three attacks of angina pectoris in 
another. 

The authors conclude that thiocyanate therapy constitutes a useful remedy for 
the treatment of uncomplicated vascular hypertension, provided dosage can be 
properly controlled by means of blood-cyanate determinations. 

This method necessitates careful selection, observation, and regulation of the 
patient. The extent of its clinical application to the treatment of vascular 


hypertension is somewhat limited by these requirements. 
NAIDE. 


East, Terence, and Barnard, W. G.: Pulmonary Atresia and Hypertrophy of the 
Bronchial Arteries. Lancet 2: 834, 1938. 


Two cases of complete pulmonary atresia in patients reaching adult life are 
described. In these patients the bronchial arteries were the only channel for 
the blood to the lungs, for the ductus arteriosus was closed. 

Two other published cases are quoted for comparison. The possibility of the 
diagnosis of pulmonary atresia according to the physical signs is suggested. 

AUTHORS, 


Suzman, M. M., Freed, C. C., and Prag, J. J.: Studies on Experimental Peripheral 
Vascular Disease, With Special Reference to Thromboangiitis Obliterans. South 
African J. M. Se. 3: 29, 1938. 


The etiology of thromboangiitis obliterans with special reference to the role 
of vasospasm in the genesis of the disease is considered and the similarity of the 
lesions of Buerger’s disease to the trophic changes produced by ergotamine 
tartrate is pointed out. 

Neither a single small (1,000 I. U.) nor a single large dose (100,000 I. U.) of 
ovarian follicular hormone afforded complete protection against the trophic 
changes produced by ergotamine tartrate in both male and female rats. 

The administration of repeated small doses (500 I. U.) of ovarian follicular 
hormone completely protected female rats from the trophic changes produced by 
ergotamine tartrate, whereas in the males only a very slight degree of protection 
was afforded. 

Preliminary castration of male rats did not affect the extent of trophic changes 
produced by ergotamine tartrate. 

The administration of ovarian follicular hormone to castrated male rats afforded 
complete protection against the trophic changes produced by ergotamine tartrate. 

The possibility of hormonal influence in the etiology of thromboangiitis 
obliterans is discussed, consideration being given to the rarity of the disease in 
female subjects and to the relationship of the ovaries and of ovarian follicular 
hormone to the blood volume and blood viscosity in human subjects and experi- 
mental animals. 

Possible reasons are given for the protection afforded to male rats by the com- 


bined effect of castration and ovarian follicular hormone. 
AUTHORS. 
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Bazett, H. C.: The Effect of Heat on the Blood Volume and Circulation. J. A. 
M. A. 111: 1841, 1938. 


The effects on the blood volume and circulation of high temperatures applied in 
acute experiments or treatments of short duration are contrasted with those of 
milder temperatures continued chronically for days. In an analysis of the effects 
of heat it is necessary to distinguish the parts played by (a) local dilatation in 
the cutaneous vessels with its accompanying local increases in the rate of flow, 
capillary pressure, and fluid transudation; (b) compensatory reduction of the 
vascular bed in areas other than the skin, which allows dilatation in the cutaneous 
vessels even when the blood volume is unchanged or reduced; (c) increases in 
blood volume on exposure to heat which form an alternative method of com- 
pensation in lieu of vasoconstriction; and (d) alterations in cardiae output. 

The part played by each of the factors is discussed in detail. Experiments 
with steady, moderate, but maintained rise in environmental temperature, similar 
to that present during the summer, reveal a significant increase in blood volume 
which apparently is an adaptation to the prolonged peripheral vasodilatation pro- 
duced by exposure to moderate heat over a period of days. 

The importance of these studies is discussed in relation to their application in 
the use of heat as a form of therapy. 

NAIDE. 


Roth, Grace M., Williams, Marvin M. D., and Sheard, Charles: Changes in the 
Skin Temperatures of the Extremities Produced by Changes in Posture. Am. 
J. Physiol. 124: 161, 1938. 


Observations of the effects of posture on the skin temperatures of the toes and 
fingers were made under environmental conditions which did not produce either 
great vasoconstriction or great vasodilatation of the extremities but which 
permitted the fingers and toes to act as the fine adjustors in the control of the 
dissipation of heat from the body. Under environmental temperatures ranging 
from 23 to 30° C. (73.4 to 86° F.) with the subjects in the basal metabolic state 
and free from sweating of the extremities, the skin temperatures of the toes and 
fingers decreased when the extremities were elevated and increased when the 
extremities were pendent. When the posture of the body was changed from 
the horizontal, either voluntarily or when placed in an angular position by means 
of a tilt-table, the skin temperatures of the toes increased, when the body was 
tilted with the feet downward and vice versa. These results probably are due to 
changes in the peripheral circulation as a result of changes in hydrostatic pressure. 

HINES. 


Heim de Balsac, R.: The Right Auricle. Fortschr. a. d. Geb. d. Rontgenstrahlen. 
57: 73, 1938. 


The author presents evidence that the right border of the heart is made up ex- 
clusively by the right auricle and the superior and inferior vena cava. A 
pathologic aorta may encroach upon this border as well as an enlarged left auricle 
which appears at first at the upper part of the right auricular border, gradually 
extending downwards as the left auricle increases in size. It seems that the 
author does not think that it produces any change of the left contour. He ex- 
plains the pulsations of the kymogram of the lower part of the right border usu- 
ally ascribed to the right ventricle to an indirect effect. In this area, the right 
ventricle completely overpowers the auricle, moving that portion of the heart as a 
whole, completely obliterating the individual right auricular pulsations. 

JENSEN. 
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HE American Heart Association, sponsor of the first International Health Broad- 

cast, stands alone as the national organization devoted to educational work relat- 
ing to diseases of the heart. Its Board of Directors is composed of twenty-five phy- 
sicians representing every portion of the country. 

The Section for the Study of the Peripheral Circulation was organized in 1935 for 
the purpose of stimulating interest in investigation of all types of diseases of the 
blood and lymph vessels and of problems concerning circulation of blood and lymph. 
Any physician or investigator in good standing may become a member of the section 
after election to the American Heart Association and payment of dues to that 
organization. 

To coordinate and distribute pertinent information, a central office is maintained, 
and from it issues an ever widening stream of books, pamphlets, charts, posters, 
films, and slides. These activities all concern the recognition, prevention or treat- 
ment of the leading cause of death in the United States, diseases of the heart. The 
AMERICAN HEART JOURNAL is under the editorial supervision of the Association. 

The income from membership and donations provides the sole support of the Asso- 
ciation. Lack of adequate funds seriously hampers more widespread educational and 
research work imperative at this time. Great progress has been made, but much 
remains to be done. 

Annual membership is $5.00 a year and journal membership at $10.00 includes a 
year’s subscription (January-December) to the AMERICAN HEART JOURNAL and an- 
nual membership in this Association. A cordial invitation to join in this crusade is 
extended to you. 

The American Heart Association solicits your support to the end that it may con- 
tinue more effectively the campaign to which it has devoted all its energy. 
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